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RESULTS  OF  EXPERIMENTS  AT  ROTHAMSTED,  ON  THE 
QUESTION  OF  THE  FIXATION  OF  FREE  NITROGEN. 


INTRODUCTION. 

A  large  portion  of  the  lecture  on  the  conditions  and  results  of 
growth  of  Leguminous  Crops,  which  I  gave  at  the  College  last  year, 
was  devoted  to  the  illustration  of  the  fact,  that  both  the  scientific 
interest,  and  the  practical  value,  of  those  crops,  depended  very  much  on 
the  amount  of  nitrogen  which  they  contain,  and  on  the  sources  of 
their  nitrogen ;  and  especially  on  the  great  differences  in  these  respects, 
between  them  and  the  representatives  of  the  other  families  with  which 
they  are  grown,  either  in  alternation  in  our  rotations,  or  in  association 
in  ofiT  meadows  and  pastures.  I  then  discussed  the  bearing  of  existing 
evidence  on  the  question  of  the  fixation  of  free  nitrogen,  and  concluded 
by  reference  to  some  considerations  and  illustrations  relating  to  the 
question  of  the  sources  of  the  nitrogen  of  crops  generally. 

With  regard  to  the  question  of  the  fixation  of  free  nitrogen,  I 
stated — that  nearly  a  century  ago  it  was  a  matter  of  discussion  whether 
plants  took  up,  or  evolved,  free  nitrogen ;  that  it  was  just  about  half  a 
century  since  Boussingault  commenced  experiments  to  determine 
whether  plants  did  assimilate  free  nitrogen ;  that  from  his  results  he 
concluded  that  they  did  not ;  that  results  obtained  at  Rothamsted, 
about  30  years  ago,  confirmed  those  of  Boussingault ;  but  that  others 
had  come  to  an  opposite  conclusion. 

During  the  last  few  years,  however,  the  discussion  has  assumed  a 
somewhat  different  aspect.  The  question  still  is  whether  the  free 
nitrogen  of  the  air  is  an  important  source  of  the  nitrogen  of  vegetation ; 
but  whilst  few  now  assume  that  chlorophyllous  plants  directly  assimilate 
free  nitrogen,  it  is  nevertheless  supposed  to  be  brought  under  contri- 
bution in  various  ways ;  coming  into  combination — by  the  agency  of 
electricity,  within  the  soil,  or  within  the  plant;  or  under  the  influence  of 
micro-organisms,  or  of  otiier  low  forms,  either  within  the  soil  itself,  Dr 
in  symbiotic  growth  with  a  higher  plant 

The  recent  experiments,  results,  and  conclusions,  of  Berthelot, 
Deh^rain,  Joulie,  Dietzell,  Frank,  Hellriegel  and  Wilfarth,  Emil  von 
Wolff*,  and  Atwater,  were  considered ;  as  also  were  the  later  experi- 
ments of  Boussingault  in  their  bearing  on  an  aspect  of  the  question 
which  has  since  come  into  prominence,  namely,  that  of  the  fixation  of 
free  nitrogen  within  the  soil  under  the  influence  of  lower  organisms.* 

*  For  a  fuller  aooonnt  of  the  resnlts  of  Berthelot,  and  others,  above  referred 
to,  uyd  for  references  to  their  papers,  see  oar  paper  in  the  "Philosophical 
Traniacieom,"  VdL  180.  B. 
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It  was  concluded  that,  of  all  the  recent  results  bearing  upon  the 
subject,  those  of  Hellriegel  and  Wilfarth,  with  certain  leguminous 
plants,  were  by  far  the  most  definite  and  significant;  and  I  stated  that 
it  had,  accordingly,  been  decided  to  make  experiments  at  Eothamsted 
on  somewhat  similar  lines.  I  further  stated,  that  a  preliminary  series 
had  been  undertaken  in  1888,  and  a  more  ext.ended  one  in  1889,  and  I 
exhibited  photographs  of  some  of  the  experimentally  grown  plants. 
Some  of  the  numerical  results  have  since  been  published,  and  they  show 
a  considerable  fixation  of  free  nitrogen.  Much,  however,  still  remains 
to  be  done  ;  and  many  points  necessary  for  drawing  conclusions  as  to 
the  practical  importance  of  such  fixation  are  as  yet  unsettled.  The 
subject  is,  in  fact,  being  further  investigated  at  Eothamsted  in  the 
present  year,  1890.  I  have,  nevertheless,  thought  that  enough  was  so 
far  established,  to  supply  material  of  sufficient  interest  for  the  subject 
of  my  present  lecture  :  and,  accordingly,  I  propose  to  bring  before  you 
to-day — Results  of  Experiments  at  Rolhamsted  on  the  Question  of  the 
Fixation  of  Free  Nitrogen. 

Before,  however,  describing  the  conditions  and  the  results  of  the 
recent  experiments,  which  do  show  a  fixation  of  free  nitrogen,  it  will 
be  well  to  call  attention  to  those  of  the  earlier  experiments,  which  did 
not  indicate  any  fixation ;  as  the  well-defined  difference  in  the  conditions 
under  which  such  different  results  were  obtained,  will  bring  clearly  to 
view  what  are  the  conditions  under  which  fixation  does,  and  what  are 
those  under  which  it  does  not,  take  place.  We  shall  thus,  too,  be  the 
better  able  to  form  some  judgment  as  to  the  practical  bearing  of  the 
recent  results. 

THE  EARLIER  EXPERIMENTS,  WHICH  DID  NOT  SHOW  FIXATION 

OF  FREE  NITROGEN. 

I  have  already  stated  that  the  results  and  conclusions  of  Boussin- 
gault  were  against  the  supposition  that  plants  assimilate  the  free 
nitrogen  of  the  atmosphere.  His  numerous  experiments  on  the  subject 
were  commenced  in  1837,  and  were  continued  at  intervals  up  to  1858. 
His  soils  consisted  of  burnt  soil,  washed  and  ignited  pumice,  or  burnt 
brick ;  his  experiments  were  sometimes  in  free  air,  in  a  summer  house, 
sometimes  in  a  closed  vessel  with  limited  air,  sometimes  with  a  current 
of  washed  air,  and  sometimes  in  free  air,  but  under  a  glass  case. 
When  the  plants  were  enclosed,  a  supply  of  carbonic  acid  was 
provided,  and  in  a  few  cases  known  quantities  of  nitre  were  supplied 
as  manure.  In  all,  distilled  water  was  used  for  watering.  Thus,  in  all 
cases  the  substances  he  used  as  soil  were  sterilised ;  in  some  the 
supplied  air  was  washed ;  whilst  in  others  the  plants  grew  in  limited 
air,  or  were  more  or  less  protected.  He  experimented  with  a  great 
variety  of  plants — wheat,  and  oats,  representing  Oraminese ;  clover, 
peas,  haricots,  and  lupins,  as  Leguminosse;  also  garden  cress  and 
sunflower. 

In  some  of  his  earlier  experiments,  conducted  in  free  air  in  a 
summer  house,  the  Leguminous  plants,  trefoU  and  peas,  did  indicate 


ON  THE  FIXATION  OF  FREE  NITROOEN.  3 

iM>me  gain  of  nitTogen ;  but  in  all  bis  subsequent  experiments  there 
was  generally  either  a  slight  loss,  or,  if  a  gain,  it  was  represented  by 
only  fractions,  or  low  units  of  milligrams ;  the  larger  amounts  being 
with  LeguminossB,  in  free  air,  under  a  glazed  case.  After  20  years  of 
varied  and  laborious  investigation  of  the  subject,  M.  Boussingault 
concluded  that  plants  have  not  the  power  of  assimilating  the  free 
nitrogen  of  the  atmosphere. 

Experiments  on  the  subject  were  commenced  at  Rothamsted  in 
1857,  they  were  continued  for  several  years,  and  the  late  Dr.  Pugh  took 
a  prominent  part  in  the  enquiry. 

The  soils  used  were  ignited,  washed,  and  re-ignited  pumice,  or  soil 
The  specially  made  pots  were  ignited  before  use,  and  cooled  over 
sulphuric  acid  under  cover.  Each  pot,  with  its  plants,  was  enclosed 
under  a  glass  shade,  which  rested  in  the  groove  of  a  specially  made 
hard-baked  glazed  stoneware  lute-vessel,  mercury  being  the  luting 
material.  Under  the  shade,  through  the  mercury,  passed  one  tube  for 
the  admission  of  air,  another  for  its  exit,  and  another  for  the  supply 
of  water  or  solutions  to  the  soil ;  and  there  was  an  outlet  at  the  bottom 
of  the  lute-vessel  for  the  esoape  of  the  condensed  water  into  a  bottle 
aflixed  for  that  purpose,  from  which  it  could  be  removed  and  returned 
to  the  soil  at  pleasure. 

A  stream  of  water  being  allowed  to  flow  into  a  large  stone-ware 
WouUTs  bottle,  of  more  than  20  gallons  capacity,  air  passed  from  it, 
through  two  small  glass  WoulfTs  bottles  containing  sulphuric  acid,  then 
through  a  long  tube  filled  with  fragments  of  pumice  saturated  with 
sulphuric  acid,  and  lastly  through  a  WouUTs  bottle  containing  a  saturated 
solution  of  ignited  carbonate  of  soda ;  and,  after  being  so  washed,  the  air 
entered  the  glass  shade,  from  which  it  passed,  by  the  exit  tube,  through 
an  eight-bulbed  apparatus  containing  sulphuric  acid,  by  which  commu- 
nication with  the  unwashed  external  air  was  prevented.  Carbonic  acid 
was  supplied  as  required  by  adding  a  measured  quantity  of  hydrochloric 
acid  to  a  bottle  containing  fragments  of  marble,  the  evolved  gas  passing 
through  one  of  the  bottles  of  sulphuric  acid,  through  the  long  tube, 
and  through  the  carbonate  of  soda  solution,  before  entering  the  shade. 

It  will  be  observed  that,  by  the  arrangement  described,  the  washed 
air  was  forced,  not  aspirated,  through  the  shade,  and  the  pressure  being 
thus  the  greater  within  the  vessel,  the  danger  of  leakage  of  unwashed 
air  from  without  inwards  was  lessened. 

In  1857,  twelve  sets  of  such  apparatus  were  employed;  in  1858  a 
larger  number,  some  with  larger  lute-vessels,  and  shades ;  in  1859  six, 
and  in  1860  also  six. 

Each  year  the  whole  were  arranged,  side  by  side,  on  stands  of 
brickwork  in  the  open  air,  as  shown  in  the  drawings  of  the  apparatus 
exhibited.  Drawings  of  some  of  the  plants  grown  were  also  exhibited  ; 
and  the  numerical  results  obtained  in  the  experiments  of  1857  and 
1858  are  summarised  in  Table  I. 

The  upper  part  of  the  Table  (I.)  shows  the  results  obtained  in  1857 
and  1858,  in  the  experiments  in  which  no  combined  nitrogen  ii^as 
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supplied  beyond  that  contaiDed  in  the  seed  sown.  The  drawings 
exhibited  showed  how  extremely  restricted  was  the  growth  under 
these  conditions,  and  the  figures  in  the  Table  show  that,  neither  with 
the  GraminesB,  the  LeguminossB,  nor  the  Polygonea  (buckwheat),  was 
there  in  any  case  a  gain  of  three  milligrams  of  nitrogen.  In  most 
cases  there  was  much  less  gain  than  this,  or  a  slight  loss.  There  was, 
in  fact,  nothing  in  the  results  to  lead  to  the  conclusion  that  either  of 
these  different  descriptions  of  plant  had  assimilated  free  nitrogen. 


TABLE  I. 

Sammary  of  the  ReeoltB  of  Experiments  made  at  Rothamsted,  in  1867  and  1868,  to 
determine  whether  plants  assimilate  free  Nitrogen. 
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1857 


GraminesB 


1858 


Legominosss 
Other  Plants 


1 


1858 
A* 

1858 

1858 

A* 
1858 


( 


Wheat 
Wheat 
Barley 
Barley 

Wheat 
Barley 
Oats 

Wheat 
Barley 
Oats 

Peas 
Clover 


Beans   .. 

Buckwheat 


00329 
0-0329 
0-0326 
0-0268 

00548 
0-0496 
00312 

0-0268 
0-0257 
0-0260 

0-0227 
0-0712 

0-0711 
0-0308 


00383 
0-0331 
00328 
0-0337 

0-0536 
00464 
00216 

0-0274 
0-0242 
0-0198 

0-0211 
0-0665 

0-0655 

0-0292 


+  00054 
+  0-0002 
+  00002 
+  00069 

—  0-0012 

—  00032 

—  00096 

+  00006 

—  00015 

—  00062 

—  0-0016 

—  0-0047 

—  0-0056 

—  0-0016 


*  These  experiments  were  conducted  in  the  apparatus  of  M.  Q.  Yille. 
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The  lower  part  of  the  Table  shows  the  results  obtained  in  the 
experiments  in  which  the  plants  were  supplied  with  known  quantities 
of  combined  nitrogen,  in  the  form  of  a  solution  of  ammonium-sulphate, 
applied  to  the  soil.  The  drawings  show  very  strikingly  the  effect  of 
this  direct  supply  of  combined  nitrogen,  especially  in  the  case  of  the 
Graminee.  The  figures  in  the  Table  show  that  the  actual  gains  or 
losses  of  nitrogen  range  a  little  higher  in  these  experiments,  in  which 
larger  quantities  were  involved;  but  they  are  always  represented  by 
units  of  miUigrams  only,  and  the  losses  are  higher  than  the  gains. 
Further,  the  gains,  such  as  they  are,  are  all  in  the  experiments  with 
the  Oramineae,  whilst  there  is  in  each  case  a  loss  with  the  Leguminos», 
and  with  the  buckwheat.  The  losses,  beyond  such  as  might  be 
expected  from  experimental  error,  are  doubtless  due  to  decay  of 
organic  matter,  fallen  leaves,  &c. 

It  should  be  stated  that  the  growth  was  far  more  healthy  with  the 
Graminesd  than  with  the  Leguminose»,  which  are,  even  in  the  open 
field,  very  susceptible  to  vicissitudes  of  heat  and  moisture,  and  were 
found  to  be  extremely  so  under  the  conditions  of  enclosure  under  glass 
shades.  It  might  be  objected,  therefore,  that  the  negative  results  with 
the  LeguminossB  are  not  so  conclusive  as  those  with  the  OraminesB. 
Nevertheless,  we  concluded,  and  still  conclude,  from  the  results  of  our 
own  experiments,  as  Boussingault  did  from  his,  that  neither  the 
Gramineas  nor  the  Leguminossd  assimilate  the  free  nitrogen  of  the  air. 

That,  under  the  conditions  described,  the  Leguminosae,  as  well  as 
the  Gramineae,  can  take  up  and  assimilate  already  combined  nitrogen 
supplied  to  them,  is  well  illustrated  in  the  experiments  made  in  1860 
with  LeguminossB  alone.  The  series  comprised  three  experiments  with 
white  Haricot  beans — No  1  without  any  other  supply  of  combined 
nitrogen  than  thdt  in  the  seed,  No.  2  with  a  fixed  quantity  of  nitrogen 
applied  as  ammonium  sulphate,  and  No.  3  with  a  fixed  quantity 
supplied  as  nitrate;  also  3  experiments  with  white  Lupins — No.  1,  as 
with  the  Haricots,  without  artificial  supply  of  combined  nitrogen, 
No.  2  with  supply  as  ammonium-sulphate,  and  No.  3  as  nitrate. 

The  drawings  clearly  showed  that,  with  both  descriptions  of  Legu- 
minous plant,  there  was  considerably  increased  growth  by  the  addition 
both  of  ammonium  sulphate  and  of  nitrate.  Owing,  however,  to  the 
atmospheric  conditions  within  the  shade,  as  above  referred  to,  the 
plants  lost  both  leaves  and  flowers,  and  hence  the  drawings  do  not 
represent  the  full  growth. 

Such,  then,  were  the  negative  results  obtained  when  plants  were 
grown  under  conditions  of  sterilisation  and  of  enclosure.  There  was, 
under  such  conditions,  no  gain  from  free  nitrogen,  in  the  growth  of 
either  Graminea,  Leguminosas,  or  other  plants. 

RBCSNT  EXPERIMlfiNTS,  WHICH  DO  SHOW  FIXATION  OF  FREE  NrTROOEN. 

I  stated  in  my  lecture  last  year,  that  it  was  about  1876  that 
M.  Bertheiot  called  in  question  the  legitimacy  of  the  conclusion  that 
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plants  do  not  assimilate  the  free  nitrogen  of  the  air,  when  drawn  from 
the  results  of  experiments  in  which  the  plants  are  so  enclosed  as  to 
exclude  the  possibility  of  electrical  action,  and  that  he  had  more 
recently  objected  to  experiments  so  conducted  with  sterilised  materials, 
on  the  ground  that,  under  such  conditions,  the  presence,  development, 
and  action,  of  micro-organisms  are  excluded.  It  was  pointed  out  that 
in  the  experiments  of  Berthelot,  and  some  others,  gains  were  found 
under  very  yarious  conditions,  that  they  were  in  some  cases  very  small, 
and  in  others  very  large,  and  that  the  explanations  of  the  gains  were 
very  various.  I  believe,  however,  that  there  is  nothing  in  the  recent 
results,  either  of  Berthelot  himself  or  of  others,  which  can  be  held  to 
invalidate  the  conclusion  which  had  been  drawn  from  the  results  of 
Boussingault,  and  from  those  obtained  at  Bothamsted,  that  the  higher 
chlorophyllous  plants  do  not  directly  assimilate  free  nitrogen. 

Let  us  now  consider  what  are  the  results  obtained,  when  the 
conditions  of  growth  involve  neither  sterilisation  nor  enclosure. 

We  have  maintained  that  it  can  hardly  be  said  that  there  remained 
an  unsolved  problem  in  regard  to  the  source  of  the  nitrogen  of  our 
tum-Leguminous  crops,  but  that  it  must  be  admitted,  in  spite  of  all  the 
investigations  and  discussions  of  the  last  50  years,  that  the  source  of 
the  whole  of  the  nitrogen  of  our  Leguminous  crops  had  not  been 
satisfactorily  explained.  Hence,  it  was  argued,  evidence  obtained  on 
new  lines  should  receive  careful  consideration.  According  to  some 
recent  experimenters,  however,  gain  from  the  fixation  of  free  nitrogen  is 
not  limited  to  our  Leguminous  crops.  But,  quite  accordantly,  not  only 
with  common  experience  in  agriculture,  but  with  the  direct  experimental 
results  of  ourselves  and  others,  Hellriegel  found  in  his  experiments  that 
plants  of  the  gramineous,  the  chenopoaiaceous,  the  polygonous,  and  the 
cruciferous  families,  depended  on  combined  nitrogen  supplied  within 
the  soil.  On  the  other  hand,  he  found  that  leguminous  plants  did  not 
depend  entirely  on  such  supplies.  His  results  were,  indeed,  not  only 
very  definite,  but  they  had  a  special  bearing  on  the  admittedly  un- 
solved problem  of  the  source  of  the  whole  of  the  nitrogen  of  the 
Legumino8». 

Accordingly,  as  already  stated,  we  made  experiments  on  the  subject 
at  Hothamsted  in  1888  and  1889,  and  it  is  being  further  investigated  in 
the  present  season,  1890.  I  propose  to  give,  on  the  present  occasion, 
a  description,  and  some  of  the  numerical  results,  of  the  experiments 
made  in  1888 ;  a  description,  and  some  illustrations  of  the  growth,  in 
1889  ;  and  also  a  brief  account  of  the  experiments  still  in  progress. 

Hellriegel's  experiments  may  be  briefly  described  as  follows  : — in 
1883  he  commenced  a  comprehensive  series  of  vegetation  experiments 
in  pots,  in  which  he  grew  agricultural  plants  of  various  families  in 
washed  quartz  sand.  To  all  the  pots  nutritive  solutions  containing  no 
nitrogen  were  added.  To  one  series  nothing  else  was  supplied ;  to  a 
second  a  fixed  quantity  of  nitrogen  as  sodium-nitrate ;  to  a  third  twice 
as  much ;  and  to  a  fourth  four  times  as  much.  The  result  was  that^  in 
the  case  of  the  Gramine»,  and  some  other  plants,  the  growth  was 
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largely  proportional  to  the  nitrogen  sapplied,  whilst  in  that  of  the 
PapilionacesB  it  was  not  so.  In  the  case  of  these  plants,  that  of  peas 
for  example,  it  was  observed  that,  in  a  series  of  pots  to  which  no 
nitrogen  was  added,  most  of  the  plants  were  apparently  limited  in  their 
growth  by  the  amount  of  nitrogen  which  the  seed  supplied.  Here  and 
there,  however,  a  plant  growing  under  ostensibly  the  same  conditions, 
grew  very  luxuriantly ;  and,  on  examination,  it  was  found  that  whilst 
no  nodules  were  developed  on  the  roots  of  the  plants  of  limited 
growth,  they  were  abundant  on  those  of  the  luxuriantly  growing 
plants. 

In  view  of  this  result,  Hellriegel  instituted  experiments  to  determine 
whether,  by  the  infection  of  the  soil  with  appropriate  organisms,  the 
formation  of  the  root  nodules,  and  luxuriant  growth,  could  be  induced, 
and  whether  by  the  exclusion  of  such  infection  the  result  could  be 
prevented.  To  this  end,  he  added  to  some  of  a  series  of  experimental 
pots  25  cc,  or  sometimes  50  cc,  of  the  turbid  extract  of  a  fertile  soil, 
made  by  shaking  a  given  quantity  of  it  with  five  times  its  weight  of 
distilled  water.  In  some  cases,  however,  the  extract  was  sterilised. 
In  those  in  which  it  was  not  sterilised,  there  was  almost  uniformly 
luxuriant  growth,  and  abundant  formation  of  root  nodules  ;  but  with 
sterilisation  there  was  no  such  result.  Consistent  results  were 
obtained  with  peas,  vetches,  and  some  other  Papilionacese ;  but  the 
application  of  the  same  soil-extract  had  no  effect  in  the  case  of  lupins, 
serradeUa,  and  some  other  plants  of  the  family  which  are  known  to 
grow  more  favourably  on  sandy  than  on  loamy  or  rich  humus  soils. 
Accordingly,  he  made  a  similar  extract  from  a  diluvial  sandy  soil 
where  lupins  were  growing  well,  in  which  it  might  be  supposed  that 
the  organisms  peculiar  to  such  a  soil  would  be  present ;  and,  on  the 
application  of  this  to  a  nitrogen-free  soil,  lupins  grew  in  it  luxuriantly, 
and  nodules  were  abundantly  developed  on  their  roots. 

THE  VEGETATION  EXPERIMENTS  IN   1888. 

This  preliminary  series  comprised  experiments  with  peas,  blue 
lupins,  and  yellow  lupins.    The  peas  were  grown — 

1.  In  washed  sand,  with  the  ashes  of  the  plant  added;  but 

with  no  supply  of  combined  nitrogen  beyond  a  small 
determined  amount  in  the  washed  sand,  and  that  in  the 
seed  sown. 

2.  In  similarly  prepared  sand,  but  seeded  with  25  cc.  of  the 

turbid  watery  extract  from  a  rich  garden  soO. 

3.  Duplicate  of  No.  2. 

4.  In  the  rich  garden  soil  itself. 

Each  of  the  two  descriptions  of  lupins  was  grown — 

1.    In  sand  prepared  as  for  the  peas,  but  with  the  lupin-plant- 
ash  instead  of  pea-plant-ash  added. 
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2.  In  Bimilar  washed  sand,  &c.,  but  seeded  wiih  25  cc  of  the 

turbid  watery  extract  from  a  sandy  soil  where  lupins  had 
grown  luxuriantly. 

3.  In  the  lupin  sandy  soil  itself. 

4.  In  rich  garden  soil. 

The  twelve  pots  were  arranged  in  a  small  greenhouse ;  and  distilled 
water,  free  from  ammonia,  was  used  for  watering. 

The  sand  employed  was  a  yellow  sand,  from  Flitwick,  in  Bedford- 
shire, such  as  is  used  by  gardeners  for  potting.  The  stones  and  coarser 
portions  were  removed  by  sifting,  the  remainder  was  several  times 
washed,  first  with  well-water,  and  afterwards  with  distilled ;  then  dried 
in  a  water-bath,  and  finally  mixed  with  the  plant-ash.  It  still 
contained  0*00266  per  cent,  of  nitrogen. 

The  sandy-soil  from  which  the  waterv  extract  was  made  for  microbe- 
seeding  the  pots  where  lupins  were  to  grow,  and  which  was  used  as 
the  soil  in  experiment  No.  3  with  lupins,  was  obtained  from  land 
which  had  been  reclaimed  from  a  common  in  Suffolk,  on  which  no 
com  crop  would  grow,  but  on  which,  when  subsequently  sown  with 
blue  lupins  they  grew  as  high  as  the  hurdles.  Excepting  that  visible 
organic  matter  was  removed  by  sifting  and  picking,  it  was  used  as 
received,  in  which  state  it  contained  0'0859  per  cent,  of  nitrogen. 

The  garden-soil  contained  10*12  per  cent,  of  moisture,  and  0*3919 
per  cent,  of  nitrogen,  corresponding  to  0*4360  per  cent,  on  the  soil 
dried  at  100°C. 

The  pots  used  were  made  of  glazed  earthenware.  They  had  a  hole 
half  an  inch  in  diameter  at  the  bottom  for  drainage,  and  another  at 
the  side,  near  the  bottom,  for  aeration,  into  which  a  glass  tube  bent 
upwards,  and  lightly  closed  with  cotton  wool  to  exclude  insects,  was 
fixed.  The  pots  rested  on  slips  of  thick  sheet  glass,  placed  in  basins 
of  the  same  glazed  earthenware  as  the  pots. 

The  plant-ashes  used  as  mineral  nutriment,  were  prepared  by 
suspension  in  distilled  water,  adding  sulphuric  acid  to  the  point  of 
neutralisation,  evaporating  to  dryness,  and  gently  re-igniting. 

The  drain  hole  at  the  bottom  of  each  pot  was  loosely  covered  with 
a  piece  of  thick  glass,  and  1  lb.  of  broken,  washed,  and  dried  flint  was 
then  put  in.  The  pots  held  from  7  to  9  lbs.  of  the  yellow  sand,  from 
6  to  7  lbs.  of  the  lupin  sand,  and  about  4|  lbs.  of  the  garden  soU. 

The  soil  extracts  supposed  to  supply  the  organisms  were  made  by 
shaking,  in  a  stoppered  bottle,  1  part  of  the  garden  soil  or  lupin  sand, 
with  5  parts  of  distilled  water,  and,  after  subsidence,  pouring  off  the 
turbid  liquid,  which  was  then  passed  through  platinum  gauze  to  separate 
any  floating  matter.  Determinations  of  nitric  nitrogen  by  SchlsBsing's 
method,  and  of  total  nitrogen  by  copper-oxide,  showed  that  the  25  cc. 
of  the  garden-soil  extract  used  for  seeding  contained  little  more  than  | 
of  a  milligram,  and  the  25  cc.  of  the  lupin  sand  extract,  little  more 
than  I  of  a  milligram,  of  nitrogen;  quantities  which  are  quite 
immaterial  considered  as  a  supply  of  combined  nitrogen. 
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The  seedfl  were  selected  for  sowing  and  for  analysis  by  weighing 

3  or  4  lots  of  100  each  to  ascertain  the  average  weight  per  seed,  and 
then  a  number  of  single  seeds  weighing  within  5  milligrams  of  the 
mean  weight  were  taken. 

It  was  intended  to  commence  the  experiments  earlj  in  the  summer ; 
but  owing  to  the  pressure  of  other  work  the  necessary  preparations 
were  not  completed  until  early  in  August.  All  the  seeds  were  sown 
on  August  6 ;  3  accurately  weighed  seeds  being  put  into  each  pot. 

From  the  first  the  peas  germinated  and  grew  well  in  each  of  the  4 
pots;  but  in  each  of  the  4  of  blue  lupins,  and  in  each  of  the  4  of 
yellow  lupins,  one  or  more  seeds  failed,  and  had  to  be  replaced ;  and  in 
some  cases  these  also  failed.  It  is  admittedly  very  difficult  to  secure 
healthy  growth  with  lupins  in  pots.  One  essential  condition  seems  to 
be  that  the  soil  must  be  kept  open  and  porous ;  and  it  is  also  important 
that  the  mineral  matter  added  to  the  soil  should  be  quite  neutral. 

The  failures  with  the  lupins  are  well  illustrated  by  the  fact  that,  in 
spite  of  the  re-sowings,  there  were,  eventually,  of  blue  lupins  3  plants 
in  pot  1  with  the  yellow  sand  without  soil-extract  seeding ;  only  2  in 
pot  2  with  the  same  sand  and  soil-^xtract  seeding ;  none  in  pot  3  with 
the  lupin  sand  itiself,  from  which  the  soil-extract  was  prepared ;  and  3, 
but  of  very  varying  size,  in  pot  4  with  garden-soiL 

Then  of  yellow  lupins  there  were  only  2  plants  in  pot  1  with  the 
yellow  sand  ;  only  2  in  pot  2  with  the  sand  and  the  lupin  soil-extract 
seeding ;  only  2  in  pot  3  with  the  lupin  sand  itself;  and  only  2  in  pot 

4  with  the  garden-soil. 

Thus,  in  the  preliminary  experiments  of  1888,  with  neither  blue 
nor  yellow  lupins  was  the  growth  satisfactory ;  whilst,  as  will  be  seen 
farther  on,  it  was  far  otherwise,  at  any  rate  with  yellow  lupins,  in  1889. 
I  will  not,  therefore,  take  up  time  with  any  detailed  discussion,  either 
of  the  growth,  of  the  roolnievelopment,  or  of  the  analyses,  of  the 
lupins  of  1888  ;  but  I  will  now  direct  attention  to  the  more  satisfactory 
resalts  obtained  with  peas  in  1888,  which,  it  will  be  seen,  afford  very 
important  indications. 

The  Results  wiffi  Peas,  in  1888. 

As  already  said,  the  peas  in  each  of  the  four  pots  germinated  and 
grew  well.  Those  in  the  garden-soil  were  throughout  the  most 
luxuriant.  Pots  2  and  3  were  each  seeded  with  25  cc.  of  the  garden-soil 
extract  on  August  13,  that  is  just  a  week  after  the  sowing  of  the  seed. 

For  some  time  the  plants  in  pot  1,  in  the  sand  without  soil-extract, 
showed  more  growth,  and  better  colour,  than  those  in  either  pot  2  or 
pot  3  with  the  soil-extract  seeding.  It  was,  in  fact,  not  until  four  or 
five  weeks  after  the  seeding  with  the  soil  extract,  that  the  plants  in 
pots  2  and  3  began  to  show  a  darker  green  colour  than  those  in  pot  1 
without  soil-extract.  The  indication  was,  however,  so  striking  that,  on 
September  25,  it  was  decided  to  count  the  leaves,  and  to  estimate, 
approximately,  the  relative  area  of  leaf-surface,  of  the  plants  in  the 
different  pots.    For  this  purpose  the  leaves  were  classified  into  those 
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which  were  bright  green,  those  which  were  changing  colour,  and  those 
which  were  withered.  It  will  suffice  to  show  the  number,  and  the 
estimated  relative  area,  of  the  total  leaves  in  each  case,  on  September 
25,  when  the  first  counting  and  estimates  were  made,  on  October  17, 
on  November  14,  and  on  December  14  when  the  plants  were  cut.  The 
following  table  summarises  the  results. 

TABLE  II.        PEAS,  1888. 
Total  number  of  leaves,  and  estimated  relative  leaf  sorfaoe,  those  of  the  plants  in  Pot 


1  (without  soil-extract  seeding)  on  September  25,  being  taken  as  100. 

Nmnber  of  leaves. 

Estimated  relative  leaf  surfiice. 

Pot  1 

Pot  2 

Pot  3 

Pot  4 

Pot  1 

Pot  2 

Pot  3 

Pot 

September  25.. 
October  17    . . 
November  14.. 
December  14 . . 

144 
188 
244 
382 

140 
200 
300 
540 

120 
184 
244 
390 

164 
216 
280 
434 

100 
143 
170 
267 

67 
172 
249 
481 

58 
158 
245 
434 

128 
242 
328 
463 

Thus,  on  September  25,  after  the  plants  in  pots  2  and  3,  with  the 
soil-extract  seeding,  had  begun  to  show  a  darker  green  colour,  they 
nevertheless  showed  both  a  less  number  of  leaves,  and  considerably  less 
leaf-surface,  than  the  plants  in  pot  1  without  the  soil-extract.  It  is  not 
very  clear  why  the  plants  with  the  soil-extract  seeding  remained  so  long 
in  a  comparatively  backward  condition.  It  may  have  been  only 
accidental,  depending  on  the  character  of  the  seeds,  or  on  the  fact  that 
pot  1  stood  at  the  southern  end  of  the  row,  and  nearest  the  glasa  An 
alternative  is  that,  in  the  early  stages  of  the  development  of  the  nodules 
and  their  contents,  the  growth  of  the  higher  plant  is  in  some  way 
retarded.  The  figures  show,  however,  that  from  this  date,  the  plants 
in  pots  2  and  3  with  the  soil-extract,  gradually  gained  upon  those  in 
pot  1  without  it,  both  in  number  of  leaves  and  in  leaf-surface ;  until, 
when  the  plants  were  taken  up  on  December  14,  those  in  pots  2  and  3 
showed  540  and  390  leaves,  against  only  382  on  those  in  pot  1 ;  and 
481  and  434  of  leaf -surface,  against  only  267  in  pot  1.  There  is, 
therefore,  clear  evidence  of  increased  growth  under  the  influence  of 
the  soil-extract  seeding. 

In  all  the  pots  the  upper  portions  of  the  plants  obviously  developed 
at  the  expense  of  the  lower,  the  leaves  of  which  gradually  lost  colour, 
and  withered,  whilst  the  stems  and  leaves  of  the  upper  portion  increased 
in  growth ;  those  in  pots  2,  3,  and  4,  continuing  to  vegetate  and  to 
maintain  a  bright  green  colour  to  the  last,  whilst  those  in  pot  1  showed 
more  exhaustion,  and  maintained  much  less  colour.  Probably  owing 
to  the  lateness  of  the  season,  there  was  no  indication  of  flowering  in 
any  of  the  pots. 

As  the  roots  had  to  be  preserved  without  any  loss,  for  analysis,  the 
examination  of  them  had  to  be  very  carefully  conducted,  and  was 
necessarily  more  restricted  than  if  examination  had  been  the  only 
object.  After  the  above-ground  growth  had  been  cut  off,  the  pots, 
with  their  moist  soil  and  roots^  were  kept  in  a  warm  dry  place  until  the 
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examination  commenced.  The  block  of  soil  was  carefully  turned  out 
on  to  glazed  cartridge  paper,  and  notes  were  at  once  taken  as  to  the 
distribution  of  roots  so  far  as  it  was  then  apparent.  The  sand  or  soil 
was  then  removed  little  by  little  until  the  roots  were  left  nearly  bare. 
Further  notes  were  then  taken,  the  remaining  sand  or  soil  was  removed 
as  far  as  possible  by  washing  in  a  beaker  with  a  little  distilled  water. 
The  roots  were  then  spread  out  upon  paper,  and  so  photographed,  and 
finaUy  noted  upon. 

The  four  pots  of  plants  were  photographed  on  September  1, 
September  22,  October  6,  and  lastly  on  November  3,  about  five  weeks 
before  the  taking  up  of  the  plants.  Enlarged  photographs  of  the 
plants  at  the  last  mentioned  date,  and  of  the  roots  when  taken  up  as 
above  described,  were  exhibited. 

When  due  allowance  is  made  for  the  difference  in  colour  of  the 
stems  and  leaves,  as  above  described,  the  photographs  of  the  plants  are 
consistent  in  their  indications  with  the  results  given  in  Table  II.,  and 
with  those  which  follow  as  to  the  relative  amounts  of  dry  matter 
produced,  and  of  nitrogen  taken  up. 

The  indications  of  the  enlarged  photographs  of  the  roots  of  the 
plants  are  of  much  interest. 

The  roots  in  pot  1,  with  the  washed  but  not  sterilised  yellow  sand, 
showed  a  densely  matted  mass  of  fibre,  by  far  the  greater  portion  of 
which  was  accumulated  within  the  top  four  inches  of  the  sand ;  and, 
notwithstanding  there  was  no  soil-extract  seeding,  there  were  many 
nodules  on  the  roots,  but  fewer,  and  generally  much  smaller,  than  on 
those  grown  with  the  soil-extract  seeding;  they  were  also  less 
characteristically  accumulated  near  the  surface,  and  more  distributed 
along  the  root  fibres.  There  were,  however,  some  agglomerations  of 
nodules.  Comparing  this  result  with  that  obtained  in  1889,  with  a 
purer  and  sterilised  sand,  in  which  case  there  were  no  nodules,  there 
can  be  little  doubt  that  the  development  of  nodules,  and  the  compara- 
tively luxuriant  growth,  in  this  pot  without  soil-extract  seeding,  are  to 
be  attributed  to  the  impurity  and  non-sterilisation  of  the  sand. 

The  roots  in  pot  2,  with  soil-extract  seeding,  also  showed  a  dense 
mass  of  fibre,  which,  however,  extended  from  the  top  to  the  bottom  of 
the  soil,  penetrated  the  layer  of  flints,  and  distributed  over  the  bottom 
of  the  pot.  The  roots  were,  in  fact,  much  more  generally  distributed 
throughout  the  soil,  and  less  accumulated  within  the  surface  layers, 
than  in  pot  1.  The  most  developed  root  had  three  large  agglomerated 
nodules,  each  with  some  scores  of  protuberances,  somewhat  as  on  a 
raspberry  or  mulberry.  The  other  plants  also  showed  similar  nodules, 
but  of  a  smaller  size.  There  were  also  a  number  of  small  clusters 
distributed  over  the  rootlets,  but  very  few  single  nodules ;  differing  in 
this  respect  from  the  development  observed  in  pot  1. 

In  pot  3,  also  with  soil-extract  seeding,  each  of  the  three  plants 
developed  a  mass  of  root-fibre  extending  throughout  the  soil,  but  less 
near  the  bottom.  There  were  large  agglomerations  of  nodules  on  the 
roots  of  each  plant    There  were,  besides,  many  small  dusters,  and  here 
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and  there  single  nodules.  By  far  the  most  of  the  nodules  were  within 
the  top  three  inches  of  the  sand,  but  one  considerable  bunch  was  found 
as  low  as  four  inches  from  the  surface.  As  in  the  other  cases,  the 
nodules  were  grey,  and  much  lighter  in  colour  than  the  roots  on  which 
they  grew. 

Each  of  the  three  plants  in  pot  4,  with  the  garden  soil,  had  a 
stouter  main  root  than  any  of  those  in  the  other  pots.  From  the  side 
branches  there  proceeded  a  large  amount  of  fine  root-fibres  which  extended 
throughout  the  whole  soil,  those  from  the  different  plants  being  much 
interwoven.  The  roots  extended  round  the  sides,  and  along  the  bottom 
of  the  pot,  much  more  than  in  either  of  the  other  pots.  There  were 
three  small  clusters  of  nodules  on  the  roots  of  each  of  the  three  plants, 
one  or  two  small  bunches,  and  here  and  there  a  single  nodule.  But  the 
clusters  were  much  smaller,  the  total  number  of  nodules  was  much  less, 
and  they  were  more  distributed  throughout  the  soil,  in  this  pot  with  rich 
garden  soil,  than  in  either  of  the  others,  even  than  in  pot  1  without 
soil-extract  seeding.  The  root  development  was,  however,  as  the 
description  shows,  much  greater  than  in  either  of  the  other  pots.  That 
is  to  say,  there  was,  in  this  case,  not  only  a  greater  development  of 
root  and  root-fibre,  but  a  less  development  of  root  nodules,  in  the  soil 
which  itself  supplied  an  abundance  of  combined  nitrogen,  as  well  as 
other  nutriment. 

Upon  the  whole,  then,  the  evidence  relating  to  the  peas  clearly 
shows  that  there  was  a  greatly  enhanced  development  of  nodules  on  the 
roots  under  the  influence  of  the  soil-extract  seeding,  and,  coincidently 
with  this,  considerably  increased  growth. 

Ths  Analytical  Results. 

The  nitrogen  was  determined  in  the  sand  and  in  the  garden  soil,  at 
the  commencement  and  at  the  conclusion  of  the  experiments  ;  also  in 
the  seed,  in  the  above-ground  growth  (stems  and  leaves),  and  in  the 
roots,  separately.  The  dry  matter  and  ash  were  also  determined,  in 
the  seed,  and  in  the  produce  grown. 

It  is  of  interest  to  remark,  that  the  percentage  of  ash  in  the  dry 
substance  of  the  more  normally  developed  plants  grown  in  the  garden 
soil,  was  much  less  than  in  that  of  the  plants  grown  in  the  sand  with 
plant-ash  added ;  also  that  the  plants  in  pot  1,  with  the  most  restricted 
growth,  and  which  item  their  pale  colour  indicated  nitrogen-exhaustion, 
showed  a  lower  percentage  of  nitrogen  in  the  dry  substance  of  both  the 
above-ground  and  under-ground  produce,  than  was  found  in  that  of 
either  of  the  other  pots.  It  may  be  added  that  the  roots  in  pots  2  and 
3,  with  the  soil-extract,  and  with  so  much  greater  development  of 
nodules  than  on  those  in  either  pots  1  or  4,  also  contained  a  considerably 
higher  percentage  of  nitrogen  in  their  dry  substance. 

The  next  Table  (III.),  shows  the  actual  quantities  of  dry  substance, 
and  of  nitrogen,  in  the  separated,  and  in  the  total,  products  of  growth. 

It  is  seen  that  there  is  more  dry  substance  in  the  above-ground 
growth,  but  less  remaining  in  the  roots,  in  pots  2  and  3  with  the  soil- 
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extract,  than  in  pot  1  without  it.  In  the  whole  plant,  there  is  about 
10  grains  of  dry  substance  in  pot  1  without  soil-extract,  against  about 
11 1  grams  in  pot  2,  and  more  than  11  grams  in  pot  3,  each  with 
toil^xtract 


TABLE  II] 

[.       PEAS,  188S. 

Dry  Substance. 

Nitrogen. 

In 
stems 

and 
leaves. 

In 
Roots. 

In 
whole 
plant. 

In 
stems 

and 
leaves. 

Tn 
Roots. 

In 
whole 
plant. 

Fot  1.    Sand  withont  soil-extract 

Pot  t.    Sand  with  soil-extract 

Pot  S.    Sand  with  soil-extract 

P»k4.    QardensoU         

grams. 
7*428 
9*368 
9411 

12-806 

grams. 
2*000 
2*409 
1-748 
2*846 

grams. 

10-028 

11-777 

11169 

15-654 

gram. 
0-2158 
0*4591 
0*8770 
0*5806 

gram. 
0-0669 
00770 
0-0687 
0*0794 

gram. 
0-2822 
0*63ei 
0-4357 
0-6600 

The  point  of  chief  interest  is,  however,  that  there  was  in  one  case 
more  than  twice,  and  in  the  other  nearly  twice,  as  much  nitrogen  in  the 
above-ground  growth  in  pots  2  and  3  with  the  soil-extract  seeding,  as 
in  pot  1  without  it.  But  there  was  much  less  difference  in  the  amounts 
remaining  in  the  roots  under  the  different  conditions.  Of  nitrogen  in 
the  total  vegetable  matter  grown,  there  is,  in  pot  2  nearly  twice,  and  in 
pot  '6  more  than  1^  time  as  much  as  in  pot  1  without  the  soil-extract. 
In  pot  4  with  garden  soil,  and  therefore  full  supply  of  already  combined 
nitrogen,  there  was  more  dry  substance  produced,  and  more  nitrogen 
assimilated,  than  under  the  influence  of  the  soil-extract  seeding. 

The  significance  of  the  results  relating  to  the  nitrogen  is,  however, 
more  clearly  seen  in  the  next  Table  (IV.),  which  shows — the  amounts 
in  the  soil  at  the  commencement  and  at  the  conclusion  of  the  experi- 
ment, and  the  gain  or  loss ;  the  amounts  in  the  seed,  in  the  total 
products  of  growth,  and  the  gain ;  the  total  nitrogen  in  the  soil  and 
seed  at  the  commencement,  in  the  soil  and  produce  at  the  conclusion, 
and  the  gain.  The  Table  also  shoiirs,  in  the  last  column  but  one — the 
nitrogen  in  the  total  products  reckoning  the  total  initial  nitrogen  —  1  ; 
and  in  the  last  column,  the  amount  in  the  plants,  reckoning  that  in  the 
aeed  =  1. 

TABLE  IV.       PEAS,  1868. 


Nitrogen. 


Fot  1 
Pot  2 
Fot  8 
PlOt4 


In  BolL 


At  com* 
mence- 
inent. 


grama. 
0*0999 
0*0999 
0*0990 
7*9969 


At 

con- 

elusion. 


grams. 
0*1096 
0-0974 
0*0648 
7*9969 


Gain(+) 
or 

l0S8(-) 


gram. 
+  0*0097 

—  0*0025 

—  00161 


In  Seeds  and  Prodace. 


In 
Seeds 
Sown. 


gram. 

0-0298 

0*0298 

00291 

0*0801 


In 

total 

Plants. 


gram. 

0*2822 

0-5861 

0-4357 

0*6600 


Gain. 


gram. 
0-2629 
0-5063 
0-4066 
0*6299 


Total. 


At  com- 
mence- 
ment. 


grams. 
01292 
0-1297 
0-1290 
80290 


At 
con- 
clusion. 


grams. 
03918 
0-6336 
0*6205 
8-6689 


Gain. 


In  total 

products, 

total 

initial 

b1. 


gram. 
0-2626 
0-6038 
0-3915 
0*6299 


3*08 
4-88 
4*04 
1*06 


In 

plants. 

Nitrogen 

in  seed 

=1. 


9*63 
17*99 
14-97 
21*98 
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The  first  point  to  notice  is,  that  there  is  very  little  difference  in  the 
amount  of  nitrogen  in  the  soils  at  the  commencement  and  at  the 
conclusion  of  the  experiments.  There  would,  doubtless,  be  some  fine 
root-fibre  not  removed  at  the  conclusion,  so  that  where  there  is  loss  it 
is  to  be  supposed  that  some  of  the  original  nitrogen  of  the  soil  has 
contributed  to  the  growth.  In  the  case  of  the  garden-sofl,  with  its 
high  percentage  of  nitrogen,  it  is  of  course  not  impossible  that  there 
may  have  been  some  loss  by  the  evolution  of  free  nitrogen. 

That  there  is  at  any  rate  no  material  gain  of  nitrogen  in  the 
soils  would  seem  to  be  confirmatory  of  the  conclusion  indicated  by 
other  evidence,  that  the  fixation  is  not  effected  by  the  organisms 
within  the  soil,  independently  of  the  symbiotic  growth  of  the  nodules 
and  their  contents,  and  of  the  higher  plant  to  which  they  are  attached, 
and  to  whose  nitrogenous  supply  they  seem  to  contribute.  Indeed,  if 
the  fixation  had  taken  place  under  the  influence  of  microbes  within  the 
soU,  independently  of  connexion  with  the  higher  plant,  we  should  have 
to  conclude  that  the  latter  had,  nevertheless,  availed  itself  of  exactly 
the  whole  of  the  nitrogen  so  brought  into  combination — a  supposition 
for  which  there  would  seem  no  reasonable  justification. 

Turning  to  the  middle  division  of  the  Table,  which  shows  the 
nitrogen  in  the  seed  sown,  in  the  total  vegetable  matter  grown,  and 
the  gain,  and  disregarding  the  changes  in  the  soil  itself,  which  it  has 
been  seen  may  well  be  done,  it  will  be  observed  that,  in  the  case  of  pots 
1,  2,  and  3,  with  sand,  the  gain  in  the  plants  is  so  large  as  to 
be  very  far  beyond  the  limit  of  any  possible  experimental  error.  This 
certainly  cannot  be  said  of  some  of  the  experiments  conducted  on 
other  lines,  the  results  of  which  have  been  published  in  recent  years, 
and  have  been  held  to  show  the  fixation  of  free  nitrogen  under  the 
agency  of  micro-organisms  within  the  soil,  without  coincident  higher 
plant-growth,  or  with  the  coincident  growth  of  other  plants  than  of  the 
Leguminous  family. 

The  gain  in  these  initiative  experiments  with  peas  is,  however, 
much  less  than  in  many  of  those  of  Hellriegel  and  Wilfarth.  This  is 
not  to  be  wondered  at,  when  the  late  period  of  the  season,  and  the 
consequent  character  of  the  growth,  are  borne  in  mind ;  and  when  we 
come  to  consider  the  greater  growth  attained  in  the  experiments  of 
1889,  little  doubt  can  be  entertained  that  the  fixation  was  then  very 
much  greater  than  it  was  in  1888. 

To  refer  to  the  figures,  it  is  seen  that,  whilst  the  nitrogen  supplied 
in  the  seed  was  only  0*03  gram  or  less,  that  in  the  products  of  growth 
was  0-2822  gram  in  pot  1,  0*5361  in  pot  2, 04357  in  pot  3,  and  0*6600 
in  pot  4 ;  and  the  gains  were  more  than  ^  of  a  gram  in  pot  1,  more 
than  ^  a  gram  in  pot  2,  about  f  ths  of  a  gram  in  pot  3,  and  more  than 
l^ths  of  a  gram  in  pot  4. 

The  third  division  of  the  table  shows — the  total  nitrogen  at  the 
commencement  (in  soil  and  seed  together),  at  the  conclusion  (in  soil 
and  total  vegetable  matter  grown),  and  the  gains. 

But  the  significance  of  the  results  is  more  clearly  seen  in  the  last 
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two  colamii&  The  first  of  these  shows  the  relation  of  the  amoant  of 
nitrogen  in  the  total  products  (soil  and  plants  together),  to  the  total 
initial  nitrogen  (soil  and  seed  together),  taken  as  1.  It  is  seen  that, 
even  in  pot  1,  with  the  impure  and  not  sterilised  sand,  hut  without 
soil-extract,  there  was,  so  reckoned,  more  than  three  times  as  much 
nitrogen  in  the  products  as  in  the  soil  and  seed ;  in  pot  2,  with 
Boil-«ztract,  there  was  nearly  ^ve  times  as  much ;  and  in  pot  3,  also 
with  soil-extract,  there  was  more  than  four  times  as  much.  In  the 
case  of  pot  4,  however,  with  garden  soil,  owing  to  the  large  amount  of 
initial  nitrogen  in  the  soil,  the  gain,  though  actually  large,  appears, 
when  so  reckoned,  but  small. 

It  is  in  the  last  column  of  the  table,  in  which,  disregarding  the 
nitrogen  in  the  soils,  which  was  so  nearly  the  same  at  the  beginning 
and  at  the  end,  and  reckoning  the  relation  of  the  nitrogen  in  the  totsd 
prodncts  of  growth  to  that  in  the  seed  taken  as  1,  that  the  large 
amount  of  fixation  is  clearly  brought  to  view.  So  reckoned,  the 
nitrogen  in  the  substance  grown  to  that  in  the  seed  sown,  was — in  pot 
1,  9|  fold  ;  in  pot  2,  nearly  18  fold ;  in  pot  3,  nearly  15  fold ;  and  in 
pot  4,  nearly  22  fold. 

Here,  then,  under  nan^terilised  condiUms,  in  fact  with  suitabte 
microbe  infection,  there  was  very  considerable  fixation  of  free  nitrogen. 

THE  VEGETATION   EXPERIMENTS  IN    1889. 

In  this  second  season  a  more  extensive  series  was  arranged.     The 

!)lant8  selected  were — peas,  vetches,  red  clover,  blue  lupins,  yellow 
upins,  and  lucerne.  Foi  the  lupins  and  lucerne,  specially  made  pots 
of  glazed  earthenware  were  employed.  They  were  about  6  inches  in 
diameter,  and  15  inches  deep  inside,  that  is  about  twice  as  deep  as 
those  used  in  1 888,  and  again  for  the  peas,  vetches,  and  red  clover,  in 
1889.  These  pots  had  holes  at  the  bottom  for  drainage,  and  slits  at 
the  side,  near  the  bottom,  for  aeration.  Each  of  the  pots  stood  in  a 
specially  made  pan  of  the  same  material.  A  quantity  of  broken, 
^vashed,  and  this  time  ignited  flint,  was  put  into  the  bottom  of  each 
pot  The  sand  used  was  a  rather  coarse,  white  quartz  sand,  from 
which  the  coarser  and  the  finer  portions  were  removed  by  sifting,  and 
more  of  the  finer  by  washing  and  decantation,  first  with  well,  and 
afterwards  with  distilled,  water.  In  defect  of  means  for  igniting  so 
large  a  quantity  of  material  (about  300  lbs.  in  all)  without  running  the 
risk  of  gaining  more  impurity  than  was  expelled,  the  portion  retained 
for  use  was  kept,  in  successive  lots,  in  a  large  water-bath,  at  nearly 
100^,  for  several  days,  and  then  preserved  in  well  closed  bottles. 
The  results  will  show  that  the  sand  so  prepared  was  sufficiently,  if  not 
absolutely,  sterilised. 

In  each  case  the  sand  was  mixed  with  0*1  per  cent,  of  the  plant 
ash,  and  O'l  per  cent,  of  calcium  carbonate ;  though  much  smaller 
quantities  have  since  been  used. 

Iliere  were  four  pots  of  each  description  of  plant    Of  the  peas, 
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vetches,  red  clover,  and  laceme,  No.  1  was  with  the  prepared  quartz 
sand  without  soil-extract ;  No.  2  with  the  quartz  sand  and  garden-soil- 
extract  added ;  No.  3  was  duplicate  of  No.  2  ;  and  No.  4  was  with  the 
gardenwsoil  itsel£  Of  the  blue  and  yellow  lupins,  No.  1  was  with  the 
prepared  quartz  sand  without  soil-extract ;  No.  2  with  lupin-soil-extract 
added ;  No.  3  was  duplicate  of  No.  2 ;  and  No.  4  was  with  the  lupin 
soil  itself,  to  which  O'Ol  per  cent,  of  the  plant-ash  was  added. 

The  soil-extracts  were  added  the  day  before  the  sowing  of  the  seed  ; 
25  cc.  in  the  case  of  the  peas,  vetches,  and  red  clover,  and  50  cc.  in 
that  of  the  lupins  and  lucerne. 

The  seeds,  selected  and  weighed  as  in  1 888,  were  sown  on  July  10, 
that  is,  about  four  weeks  earlier  than  in  1888,  but  still  not  so  early  as 
was  desirable.  In  the  case  of  the  red  clover  ten  seeds  were  sown  in 
each  pot ;  in  that  of  the  blue  and  yellow  lupins  three,  and  in  that  of 
the  peas,  vetches,  and  lucerne,  only  two  seeds,  were  put  in  each  pot 

In  all  four  pots,  the  peas  germinated  and  grew  well  from  the 
beginning.  In  the  No.  1  pot  of  vetches,  one  seed  failed,  and  had  to  be 
replaced.  Several  of  the  red  clover  seeds  failed,  and  eventually  four 
plants  only  were  left  in  each  pot.  As  in  1888,  most  of  the  blue  lupins 
failed,  and  eventually  only  one  plant,  in  only  one  of  the  four  pots, 
remained.  Some  of  both  the  yellow  lupins  and  the  lucerne  also  failed  ; 
but,  as  will  be  eeen  further  on,  eventually  two  good  plants  remained  in 
each  pot 

The  analytical  details  relating  to  the  experiments  of  1889  are  not 
yet  available ;  but  the  notes  on  growth,  and  the  photographs  of  the 
plants  and  of  their  roots,  convey  a  clear  idea  of  the  importance  and 
significance  of  the  results  obtained. 

Ths  EiBpeirmmts  wUh  Peas,  in  1889. 

The  peas  were  taken  up  on  October  23  and  24.  Photographs  of 
the  four  pots  of  plants  were  taken  on  August  3,  August  20,  September 
27,  and  lastly  on  October  22,  that  is  the  day  before  taking  up ;  and  an 
enlargement  of  the  last  taken  was  exhibited.  Unlike  the  result 
obtained  in  pot  1  in  1888  with  impure  and  non-sterilised  sand,  the 
plants  of  1889,  in  the  purer  and  sterilised  quartz  sand,  showed  extremely 
limited  growth.  Before  the  end  of  July,  those  in  both  pots  2  and  3, 
with  soil-extract  seeding,  began  to  show  enhanced  growth  compared 
with  that  in  pot  1,  without  the  soil-extract ;  and,  eventually,  whilst  the 
plants  in  pot  1  were  only  8^  and  8^  inches  in  height,  those  in  pot  2, 
with  soil-extract,  were  14  and  50^  inches  ;  and  those  in  pot  3,  also  with 
soil-extract,  were  52^  and  50^  inches  high.  In  pot  4,  with  the  garden 
soil,  the  plants  showed  even  somewhat  less  extended  growth  than  those 
in  pots  2  and  3  with  the  soil-extract  only.  But  the  plants  in  pot  4 
were  more  vigorous,  and  whilst  they  flowered  and  seeded,  neither  of 
those  in  either  pot  2  or  pot  3  did  so ;  but  continued  to  vegetate,  the 
upper  parts  apparently  at  the  expense  of  the  lower. 

Then  as  to  the  root  development : — ^in  pot  1,  without  soil-extract,  it 
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was  altogether  much  less  than  in  either  pot  2  or  pot  3  with  soil-extract, 
or  than  in  pot  4  with  garden  soil.  Enlarged  photographs  of  the  roots 
clearly  illnstrated  this.  It  was  further  seen  that,  in  pot  1,  without 
soil-extract  seeding,  the  main  roots  descended  some  distance  before  they 
threw  out  any  considerable  amount  of  root-branches  and  root-fibre ; 
whereas,  in  pots  2  and  3,  with  soil-extract,  there  was  characteristically 
much  more  fibre  distributed,  both  in  the  upper  layers,  and  throughout 
the  pot. 

It  is  specially  to  be  noted  that,  whereas  in  pot  1  in  1888,  with 
impure  and  non-sterilised  sand,  there  was  a  considerable  development 
of  nodules,  now  in  the  pure  and  sterilised  sand,  not  a  nodule  was 
observable. 

In  pot  2,  with  soil-extract  seeding,  one  plant  was  very  much  larger 
than  the  other,  and  developed  very  much  more  root.  The  smaller 
plant  had,  however,  several  nodules  on  the  main  root,  near  the  surface 
of  the  soil,  and  a  good  many  small  ones  distributed  along  the  fibres. 
Most  of  the  nodules  were  more  or  less  shrivelled.  The  larger  plant 
had  a  large  cluster  of  nodules  on  the  main  root,  very  near  the  surface ; 
and  a  very  large  number  of  single  nodules,  mostly  small,  was  distributed 
on  the  root-fibres,  quite  to  the  bottom  of  the  pot.  Upon  the  whole 
those  on  the  larger  plant  were  less  shrivelled. 

In  pot  3,  also  with  soil-extract,  the  main  roots  extended  to,  and 
along,  the  bottom  of  the  pot ;  throwing  ofif  many  side  branches,  with 
a  very  large  quantity  of  fine  fibrous  root.  The  greatest  distribution 
was,  however,  in  the  upper  few  inches  of  the  sou.  There  were  two 
clusters  of  nodules  on  one  of  the  plants,  and  three  on  the  other,  besides 
smaller  bunches.  A  large  number  of  mostly  single  small  nodules  was 
also  distributed  along  the  roots.  On  one  of  the  plants  the  largest 
cluster  was  on  the  main  root,  and  on  the  other  the  clusters  were  on  the 
side  branches. 

In  pot  4,  with  the  garden  soil,  there  was  a  dense  mass  of  root-fibre 
throughout  the  first  six  inches  of  depth.  There  were  numerous 
nodules,  the  majority  single,  and  within  the  upper  two  or  three  inches 
of  soil.     There  were  also  a  few  small  bunches. 

Thus,  then,  the  limited  growth  in  pot  1,  without  soil-extract,  is 
coincident  with  the  entire  absence  of  nodule-formation ;  and  the 
increased  growth  in  pots  2  and  3,  with  soil-extract,  is  coincident  with  a 
very  great  development  of  nodules.  In  pot  4,  with  garden  soil,  itself 
supplying  abuudance  of  nitrogen,  there  was  also  a  considerable 
development  of  nodules,  but  distinctly  less  than  in  either  pot  2  or  pot 
3,  with  soil-extract  only. 

The  EospermenU  unih  Vetches,  in  1889. 

The  vetches  were  taken  up  on  October  26.  They  had  been 
photographed  on  August  3,  August  20,  September  27,  and  lastly 
on  October  25,  that  is,  the  day  before  taking  up ;  and  of  this  last 
representation  an  enlargement  was  exhibited. 

o 
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As  with  the  peas,  the  plants  in  pots  2  and  3,  with  soil-extract,  had, 
before  the  end  of  July,  shown  more  growth  than  those  in  pot  1  without 
it.  Again,  as  with  the  peas,  the  vetches  in  the  pure  and  sterilised  sand 
showed  extremely  limited  growth.  On  the  other  hand,  those  in  pots  2 
and  3,  with  the  soil-extract,  grew  to  a  very  great  height;  indeed, 
higher  than  those  in  pot  4  with  the  garden  soil. 

The  heights  of  the  plants  were — in  pot  1,  without  soil-extract,  11^ 
and  10^  inches ;  in  pot  2,  with  soil-extract,  52^  and  67  inches;  in  pot 
3,  also  with  soil-extract,  61^  and  51  inches ;  and  in  pot  4,  with  garden 
soil,  only  53  and  36  inches. 

But,  as  in  the  case  of  the  peas,  whilst  the  plants  in  pot  4  with  the 
garden  soil  flowered  and  seeded,  those  in  pots  2  and  3,  with  the  soil- 
extract  only,  did  not,  but  continued  to  extend  upwards  at  the  expense 
of  the  lower  parts  of  the  plant. 

In  pot  1,  without  soil-extract,  there  was  much  less  development  of 
root  than  in  either  pot  2  or  pot  3  with  it,  or  than  in  pot  4  with  the 
garden  soil.  The  main  roots  descended  to  the  bottom  of  the  pot,  and 
threw  out  a  number  of  side  branches,  but  there  was  a  marked  deficiency 
of  root-fibre.     Not  a  single  nodule  was  found. 

In  pot  2,  with  soil-extract  seeding,  there  was  a  dense  mass  of  root 
and  root-fibre,  which  distributed  throughout  the  whole  of  the  soil, 
though  the  greatest  accumulation  was  within  the  first  three  inches  of 
depth.  There  were  numerous  nodules,  but  considerably  less  in  quantity 
than  on  the  corresponding  pea  plants.  They  were  mostly  single,  the 
greater  number  being  found  in  the  lower  layers,  which  is  also  contrary 
to  the  result  with  the  peas.  They  were,  moreover,  generally 
exceedingly  small. 

In  pot  3,  also  with  soil-extract,  there  was  also  an  immense 
development  of  root  and  root-fibre  through  the  whole  area  of  the  soil ; 
the  greatest  accumulation  being  in  the  upper  and  lower  portions  of  the 
pot,  with  less  in  the  middle.  There  were  many  nodules,  but  very 
small,  and  probably  fewer  than  on  the  roots  in  pot  2.  All  the  nodules 
were  single,  and  fairly  distributed  over  the  whole  root  area. 

In  pot  4,  with  garden  soil,  there  was  a  moderate  amount  of  root 
and  of  root-fibre,  chiefly  within  the  upper  six  inches  of  depth ;  but 
there  was  altogether  very  much  less  of  root  development  than  in  either 
pot  2  or  3  with  the  soil-extract.  There  were  many  nodules,  but  all 
single,  and  very  small;  and  they  appeared  to  be  flattened,  as  if 
exhausted  of  their  contents. 

Here,  then,  with  the  vetches,  as  with  the  peas,  the  very  restricted 
growth  in  pot  1,  without  soil-extract  seeding,  was  associated  with  very 
limited  root  development,  and  with  the  entire  absence  of  nodule- 
formation.  On  the  other  hand,  the  very  greatly  extended  vegetative 
growth  in  pots  2  and  3,  with  soil-extract,  was  associated  with  an 
immense  development  of  root  and  root-fibre,  extending  throughout  the 
pots,  and  with  the  formation  of  numerous  nodules ;  which,  however, 
were  generally  smaller,  more  distributed  over  the  whole  root  area,  and 
less  accumulated  near  the  surface,  than  in  the  case  of  the  peas.    Lastly, 
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in  the  garden  sofl,  with  its  liberal  supply  of  combined  nitrogen,  there 
was  mnch  less  development  of  roots,  and  less  also  of  nodules,  than  in 
the  pots  with  soil-extract  only. 

The  Experimmts  with  Ltgms,  in  1889. 

It  has  already  been  said  that  most  of  the  blue  lupins  failed ;  but  it 
was  with  the  yellow  lupins  that  the  most  striking  of  ail  the  results 
were  obtained. 

As  in  the  case  of  the  other  plants,  the  yellow  lupin  seeds  were  put 
in  on  July  10,  three  being  sown  in  each  pot.  There  were  some 
resowings,  some  seeds  taken  out,  and,  eventually,  two  plants  were  left 
in  each  pot.  By  the  end  of  July,  those  in  pots  2  and  3  with  the 
Inpin-eoil-extract  seeding,  already  showed  more  growth  than  those  in 
it  1  without  it.  Photographs  were  taken  on  August  3,  August  20, 
sptember  27,  October  28,  and  November  29 ;  and  the  plants  were  cut 
on  December  7.  An  enlargement  of  the  photograph  taken  on  October 
28  was  exhibited. 

It  was  seen  that  the  plants  in  pot  1,  without  soil-extract  seeding, 
scarcely  appeared  over  the  rim  of  the  pot,  one  being  only  about  l|, 
and  the  other  about  2|  inches  high.  In  pot  2,  with  lupin-soil-extract 
seeding,  one  plant  was  about  2  feet,  and  the  other  more  than  1^  foot 
high ;  both  spreading  much  beyond  the  width  of  the  pot.  In  pot  3, 
also  with  lupin-soil-extract  seeding,  one  plant  was  more  than  2  feet,  but 
the  other  little  more  than  8  inches  high.  In  fact,  in  both  these  pots 
with  soil-extract  seeding  only,  the  plants  showed  considerably  more 
development  than  those  in  pot  4  in  the  lupin-soil  itself ;  one  of  these 
being  only  about  16,  and  the  other  about  18  inches  high,  and  both  less 
branching  than  those  in  pots  2  and  3. 

Unlike  the  peas  and  vetches,  the  yellow  lupins  with  soil-extract 
seeding  only,  flowered  and  podded  freely.  One  plant  in  pot  2  had  nine 
small  pods ;  and  one  in  pot  3,  four  large  and  three  small  ones.  There 
were  also  in  pot  4,  with  lupin-soil,  on  one  plant  five  pods,  and  on  the 
other  six. 

Thus,  in  the  quartz  sand  with  lupin-soil-extract  seeding,  the  plants 
not  only  produced  a  great  deal  more  vegetable  matter  than  those  in  the 
lupin-sand  itself,  but  they  as  freely  flowered  and  seeded. 

Examination,  and  the  photographs  of  the  roots  of  the  plants  showed 
that  in  pot  1,  without  soil-extract,  and  very  restricted  above-ground 
growth,  there  was  coincidently  very  little  root  development.  The 
main  roots  descended  far  down  the  deep  pot  almost  without  branching, 
but  at  the  bottom  a  number  of  branches,  and  a  mass  of  fibre  were 
produced.  The  root-fibres  were  fleshy  and  succulent  No  root 
swellings  or  nodules  were  found. 

In  pot  2,  with  the  lupin-soil-extract  seeding,  there  was,  on  the 
other  handf  a  very  great  development  of  root.  Branches  were  thrown 
out  throughout  the  whole  length ;  and  at  their  ends  masses  of  fleshy 
fibrils  were  formed,  which  were  thickly  coated  with  root-hairs.    On  the 
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main  root  of  one  plant,  S  inches  down,  there  was  a  large  swelling  or 
nodule  the  size  of  a  field  bean ;  4  inches  lower  there  were  three  smaller 
ones  on  a  side  branch ;  10  inches  down  there  were  three  as  large  as 
peas ;  and  lower  still  there  was  another  small  swelling,  more  like  the 
nodales  found  on  other  plants.  The  other  plant  had  less  root  growth. 
One  and  a  half  inch  down  there  was  a  swelling  the  size  of  a  small  pea ; 
and  4^  inches  lower  there  were  three  swellings,  one  as  large  as  a  bean, 
and  the  others  about  the  size  of  a  vetch  seed.  These  swellings  on  the 
lupin-roots,  which  were  all  on  the  main  roots  or  thicker  branches,  are 
very  different  in  appearance  from  the  nodules  on  the  pea  and  vetch- 
roots.  They  are,  as  described,  swellings,  incasing  the  root  where  they 
grow. 

In  pot  3,  also  with  the  lupin-soil-€xtract  seeding,  one  plant 
developed  an  immense  amount  of  branching  root,  with  a  great  deal  of 
root-fibre,  which  extended  throughout  the  whole  soil,  but  to  a  greater 
degree  in  the  lower  than  in  the  upper  half  of  the  pot.  The  main  root 
was  woody  near  the  top.  The  lower  root-fibres  were  fleshy,  and  thickly 
coated  with  root-hairs.  There  were  several  swellings  or  nodules  on 
the  main  root  below  5  inches ;  and  lower  down,  on  a  root-branch,  there 
were  several  swellings ;  there  being  in  all  twelve  on  this  plant.  On  the 
smaller  and  more  meagrely  rooted  plant,  about  10  inches  down,  there 
were  also  two  bunches  of  small  nodules,  and  three  single  nodules ;  and 
a  little  lower,  on  a  side  branch,  another  small  nodule. 

With  regard  to  the  great  development  of  root-hairs  on  the  fine 
fibrils  of  the  roots  in  both  pots  2  and  3,  with  quartz  sand  and  soil- 
extract  seeding,  it  may  be  supposed  that  this  was  an  effort  to  acquire 
mineral  nutriment,  in  quantity  commensurate  with  the  large  amount  of 
nitrogen  fixed,  and  so  rendered  available  to  the  plant. 

In  pot  4,  with  the  lupin-soil  itself,  the  distribution  of  root  was  very 
different  from  that  in  pots  2  and  3,  with  the  soil-extract  only.  The 
main  root,  at  a  depth  of  2  inches,  threw  out  many  thread-like  branches, 
at  the  end  of  each  of  which  there  was  a  bundle  of  fine  fibre.  The 
lower  fibres  became  thicker,  and  were  white  and  fleshy ;  but  they  were 
without  the  marked  development  of  root-hairs  observed  in  such 
abundance  in  pots  2  and  3.  Most  of  the  root  was  within  six  inches  of 
the  surface,  and  there  seemed  to  be  none  below  14  inches.  One  to  two 
inches  from  the  surface,  there  were  swellings  on  the  main  roots,  which 
were  less  raised,  but  more  spreading,  than  those  on  the  roots  in  pots  2 
and  3.    There  were  also,  on  one  side  branch,  six  very  small  nodules. 

To  sum  up  in  regard  to  the  yellow,  lupins  :  Under  the  influence  of 
the  lupin-soil-extract  seeding,  the  above-ground  growth  was  not  only 
very  luxuriant,  but  the  plants  developed  great  maturing  tendency, 
flowering  and  seeding  freely.  The  development  of  the  roots  generally, 
and  that  of  swellings  or  nodules  on  them,  were  also  very  marked ;  and 
there  can  be  no  doubt  that  the  gain  of  nitrogen  will  be  found  to  be 
very  large.  In  pot  4,  with  the  lupin-sand  itself,  which  would  supply  a 
not  immaterial  amount  of  combined  nitrogen,  although  the  growth  was 
normal,  it  was,  both  above-ground  and  within  the  soil,  very  much  less 
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than  in  the  pots  with  soil-extract  only ;  and  the  development  of  nodules 
was  also  less.  It  is  possible  that  the  less  growth  in  the  lapin-sand 
itself,  than  in  the  qnartz-sand  with  soil-extract  only,  was  partly  due  to 
the  much  less  porosity  of  the  lupin-soil,  especially  when  watered.  At 
any  rate,  the  results  with  the  soil-extract  only  are  very  remarkable. 

The  Eh^pmmmts  tvifh  Red  Clover,  in  1889-'90. 

As  the  main  growth  of  red  clover  is  in  the  second  year,  the  four 
pots  of  it  were  left  for  this  year's  growth.  There  is,  therefore,  at 
present  but  little  of  definite  result  available,  but  there  are  some  points 
of  interest  to  notice. 

A  photograph  of  the  plants  taken  on  September  28  (1889),  showed 
that  the  above-ground  growth  in  pot  1,  without  soil-extract,  was 
decidedly  more  tnan  in  either  pots  2  or  3  with  it ;  and  from  the  amount 
of  growth  that  has  since  developed  it  is  pretty  certain  that  there  is 
more  than  will  be  accounted  for  by  the  amount  of  nitrogen  supplied  in 
the  seed  sown.  As  the  soil-extract  seeding  in  pots  2  and  3  appeared  to 
be  without  effect,  a  second  amount  of  extract,  this  time  from  garden 
soil  where  clover  was  growing  well,  was  applied  to  pot  2  on  September 
4  ;  but  to  pot  3  there  was  added  instead,  a  solution  of  calcium  nitrate, 
and  this  application  was  continued  up  to  December  6,  when,  in  all,  0*23 
gram  of  nitrogen  had  been  so  applied. 

The  effect  of  the  nitrate  was  almost  at  once  very  striking ;  there 
being  considerably  increased  growth,  and  coincidently,  increased  depth 
of  green  colour.  It  was  not,  liowever,  until  many  weeks  later  that  the 
growth  in  pot  2,  to  which  a  second  application  of  soil-extract  had  been 
made,  became  at  all  marked. 

Two  cuttings  have  been  taken  from  each  of  the  four  pots,  and  the 
indication  so  far  is  that,  in  all,  more  dry  subatance  has  been  produced 
in  pot  2,  with  the  second  application  of  soil-extract,  than  in  pot  3  with 
the  nitrate.  It  remains  to  be  seen  what  will  be  the  final  result.  It 
should  be  added,  and  it  is  significant,  that  the  amount  of  produce  cut 
firom  pot  4,  with  garden  soU,  is  many  times  as  much  as  that  from  either 
of  the  other  pots. 

The  BkgMfimmU  unih  Lucerne,  in  1889-'90. 

In  the  case  of  lucerne,  as  in  that  of  red  clover,  the  main  growth  is 
subsequent  to  the  first  year,  and  hence  the  plants  were  left  for  further 
growth,  indeed  they  are  still  growing. 

The  application  of  garden-soil-extract  to  the  lucerne  appeared  to  be 
entirely  without  effect  up  to  the  beginning  of  September  (1889);  the  plants 
in  pot  1  without  soil-extract,  and  those  in  pots  2  and  3  with  it,  showing 
no  difference,  and  apparently  no  progress.  On  September  4,  therefore, 
pot  2  was  re-seeded  with  soil-extract,  this  time  from  a  soil  growing 
lucerne ;  but  to  pot  3  a  solution  of  calcium  nitrate  was  added  instead, 
and  the  application  has  been  continued  at  intervals.  As  with  the 
clover,  so  with  the  lucerne,  the  application  of  nitrate  to  pot  3  very  soon 
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showed  marked  effect ;  and  a  photograph  taken  on  December  23  shows 
that  there  was,  up  to  that  aate,  considerably  increased  growth,  and 
this  has  continued  up  to  the  present  time.  For  many  weeb,  however, 
the  second  application  of  soil-extract  was  without  any  i^parent  effect, 
but  subsequently  there  has  been  increased  growth,  and  increased  depth 
of  green  colour. 

In  pot  1,  without  soil-extract,  the  growth  has  been  stationary  since 
the  first  few  weeks  after  sowing,  and  no  cutting  has  been  taken.  From 
pot  2,  with  the  repeated  soil-extract  seeding,  a  cutting  was  taken  on  June 
24  (1890) ;  and  from  pot  3  with  the  nitrate,  and  from  pot  4  with  the 
garden  soil,  cuttings  were  taken  on  March  4,  and  on  June  24.  At 
present  there  has  been  rather  more  produce  removed  from  pot  3  with 
the  nitrate,  than  from  pot  2  with  the  soil-extract ;  but  from  pot  4,  as 
in  the  case  of  the  clover,  the  garden  soil  has  yielded  considerably  more 
than  either  the  soil-extract  or  the  nitrate. 

Again,  therefore,  we  have  illustrated,  the  influence  of  soil  supply  of 
eombmed  nitrogen  on  the  growth  of  a  leguminous  plant ;  the  result 
being  very  marked  whether  the  supply  was  as  ready  lormed  nitrate,  or 
in  the  condition  of  combination  and  association  with  other  constituents 
as  in  rich  soil.  Not  that  there  is  any  want  of  abundant  evidence 
showing  that  Leguminosn  do  take  up  nitrogen  largely  as  nitrate  ; 
but^  in  view  of  recent  results  showing  fixation  under  the  infiuence  of 
micro-organism  seedine,  it  seems  to  be  assumed  by  some  that  these 
plants  probably  depend  for  their  nitrogen  exclusively  on  such  agency. 

DIFFBRBNOE  IN  THB  EXTERNAL  GHAKACrER  OF  LEGUMINOUS 

ROOT-NODULES. 

The  descriptions  which  have  been  given,  have  shown  that  the 
external  appearance,  and  the  distribution,  of  the  root  nodules,  were 
very  different  in  the  case  of  the  peas,  the  vetches,  and  the  lupins.  In 
that  of  the  peas  there  were  many  of  what  may  be  called  agglomerations 
of  nodules,  and  comparatively  few  single  ones  distributed  on  the  root- 
fibres.  On  the  roots  of  the  vetches,  there  were  comparatively  few 
agglomerations  or  bunches,  and  more  single  nodules,  pretty  widely 
distributed  along  the  root-fibres.  The  lupin  roots,  on  the  other  hand, 
showed  tubercular  developments  very  different  from  those  on  either  the 
pea  or  the  vetch  roots.  Indeed,  at  the  period  of  examination,  that  is 
when  the  plants  were  nearly  ripe,  two  apparently  distinct  kinds  were 
observed ;  one  of  which,  the  most  prevalent,  has  been  spoken  of  as 
''swellings,"  and  the  other  as  ''nodulea"  The  "swellings"  were 
chiefiy  on  the  main  roots  or  the  thicker  branches ;  where  they  grew 
they  encased  the  root  entirely,  and  they  had  a  shining  and  presumably 
impervious  skin.  The  "  nodules,"  on  the  other  hand,  were  chiefly  single, 
small,  and  distributed  on  the  root-fibres. 

Assuming  that  the  so-called  "  swellings  "  (with  their  contents),  on 
the  roots  of  the  lupins  were  the  bodies  which  had  exercised  the 
functions  of  the  "nodules"  found  on  the  roots  of  the  other  plants,  it 
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is  to  be  concluded  that,  after  the  very  Inzariant  growth,  and  the 
flowering  and  seeding,  their  function  was  so  far  at  an  end,  and  they  had 
become  suberised.  The  other  bodies  on  the  lupin  roots,  distinguished 
in  the  detailed  description  as  "  nodules,"  indicated  too  meagre  develop- 
ment to  have  had  much  share  in  the  great  amount  of  assimilation  that 
had  been  accomplished.  On  the  other  hand,  the  "  swellings  "  which, 
as  has  been  said,  were  all  on  the  main  roots  or  thicker  branches,  were 
certaiuly  very  characteristic  of  the  roots  of  the  lupin  plants  which 
attained  the  greatest  growth;  and,  assuming  that  they  with  their 
contents  were  really  the  effective  bodies,  it  must  be  supposed  that  they 
had  been  formed  where  they  were  found  whilst  the  root  was  stUl 
young,  and  had  grown  with  its  growth.  In  favour  of  this  supposition 
is  the  fact  that  the  increased  growth  from  the  soil-extract  seeding 
commenced  quite  early  in  the  life  of  the  plants. 

The  nodules  on  the  roots  of  lucerne  growing  in  the  field  were 
observed  at  different  periods  of  the  season  in  1887,  and  again  quite 
recently  on  plants  taken  from  the  field  for  that  purpose.  They  are 
quite  different  in  general  external  character  from  those  on  any  of  the 
other  plants  that  have  been  examined  at  Rothamsted.  Instead  of  being 
more  or  less  rounded,  they  have  more  the  appearance  of  shoots  or  buds, 
much  longer  than  broad,  sometimes  single,  but  more  often  divided,  or 
branched ;  there  being  generally  two  or  three,  and  sometimes  as  many 
as  twenty,  or  even  many  more,  in  a  bunch,  joined  at  the  base.  They 
have,  so  far,  not  been  observed  on  the  main  root,  but  only  on  the  root- 
fibres,  and  less  near  the  surface  than  within  the  range  of  the  subsoil. 
In  some  cases  such  a  tuft  or  bunch  will  be  at  the  end  of  a  fine  fibre,  by 
which  it  is  connected  with  the  main  root.  As  the  season  advances 
these  bodies  become  shriveUed,  and  are  in  fact  empty  shells. 

Among  the  Leguminosae  growing  in  the  mixed  herbage  of  grass  land, 
in  1868  nodules  were  observed  on  the  root-fibres  of  Lathyrus  praUnmBy 
especially  near  the  surface  of  the  soil ;  on  the  ultimate  root-fibres  of 
IVtfoUum  pratms&y  and  on  the  smaller  rootlets  of  TrtfoUumrqmis. 

In  the  case  of  red  clover  growing  in  rotation  on  arable  land,  an 
abundance  of  nodules  has  been  found,  both  near  the  surface  and  at  a 
considerable  depth.  They  are  generally  more  or  less  globular  or  ovaL 
Some  found  on  the  main  roots  were  more  like  "swellings"  than 
attached  tubercles,  not,  however,  encasing  the  root,  but  only  on  one 
sida  The  greater  number  are,  however,  small,  and  distributed  chiefly 
on  the  root-fibres.  Evidence  is,  however,  needed,  as  to  any  difference 
in  character,  or  relative  prevalence,  at  different  periods  in  the  life  and 
growth  of  the  plant,  and  under  different  conditions  of  soil,  both  so  far 
as  mechanical  state  and  porosity,  and  richness  or  otherwise  in  available 
supplies  of  combined  nitrogen,  are  concerned.  To  these  points  I  shall 
refer  again  presently. 

HOW  IS  THB  FIXATION  OF  NrTROGEN  TO  BE  EXPLAINED  t 

Reviewing  the  whole  of  the  results  which  have  been  brought 


24;  RBSUJ^TS  OF  EXPSBIMENTS  XT  BOTHiKSTBD, 

forward,  there  can  be  no  doubt  that  they  are  abundantly  confirmatory 
of  those  obtained  by  Hellriegel  and  Wilfarth,  and  that  the  fact  of  the 
fixation  of  free  nitrogen  in  the  growth  of  Leguminosffi  under  the  influ- 
ence of  suitable  microbe  infection  of  the  soil,  and  of  the  resulting 
nodule  formation  on  the  roots,  may  be  considered  as  fully  established. 

It  may  be  added,  that  £.  Frank  has  continued  his  experiments  on 
this  subject ;  further  that,  in  1888,  both  M.  Berthelot  and  M.  6r^ 
made  various  experiments  with  Leguminos»,  and  that  their  results  also 
'  confirm  those  of  Hellriegel  and  Wmarth. 

Admitting,  then,  the  fact  of  fixation  under  the  conditions  described, 
the  question  still  remains,  how  is  it  to  be  explained  ?  Unfortunately, 
there  is  much  yet  to  learn  before  a  satisfactory  answer  can  be 
given.  Obviously  we  must  know  more  of  the  nature  and  mode  of 
Ufe  of  the  organisms  which,  in  symbiosis  with  the  leguminous 
plant,  bring  about  the  fixation  of  free  nitrogen,  before  the  nature  of  the 
action  can  be  understood.  As  to  the  mode  of  life  of  these  bodies,  we 
owe  much  to  the  investigations  of  Marshall  Ward,  Prazmowski, 
Beyerinck,  and  others ;  but  the  facts  which  they  have  established  so 
far,  are  insufficient  to  adSbrd  an  adequate  explanation  of  the  phenomena 
involved. 

It  is,  I  think,  a  point  of  importance  that  it  should  be  established,  as 
it  appears  to  be,  that  in  the  development  of  the  parasite  the  cortex  of 
the  root  of  the  host  is  penetrated,  and  so  an  intimate  connexion 
between  the  two,  indeed  a  symbiosis,  is  set  up.  Then  there  is 
abundant  evidence  that  the  nodules  are  very  rich  in  nitrogen.  So  far 
as  the  facts  at  command  go,  it  would  seem  that,  in  certain  stages  of 
their  development,  their  dry  substance  may  contain  a  much  higher 
percentage  of  nitrogen  than  that  of  any  part  of  the  growing  plant 
itself;  and,  in  some  cases  at  any  rate,  even  higher  than  in  that  of  the 
highly  nitrogenous  leguminous  seed. 

Whence  comes  this  nitrogen  1  The  views  of  those  who  have 
studied  the  histology  and  biology  of  the  subject,  without  reference  to 
quantitative  chemical  data,  do  not  seem  to  be  very  clear  or  definite  on 
the  point.  Thus,  it  has  been  assumed  that  the  bacteria  acquire  their 
nutriment,  including  their  nitrogen,  from  the  protoplasmic  cell-contents 
of  the  higher  plant ;  and  that,  on  the  other  hand,  the  contents  of  the 
bacteroid  cells  are  resorbed.  In  other  words,  the  plant  utilises  the 
substance  of  the  bacteroids.  It  is  obvious,  however,  that  so  far  as  the 
nitrogen  of  the  bacteria  is  derived  from  the  plant  itself,  the  latter  is 
not  a  gainer  in  a  quaittitative  sense  by  its  resorption. 

It  has  further  been  assumed,  that  the  activity  of  the  process 
depends  on  the  quantity  of  the  nitrogenous  compounds  at  the  disposal 
of  the  roots ;  the  tubercles  developing  unhindercKi,  and  becoming  lai^ 
and  typical,  in  a  soil  rich  in  nitrogen,  but  attaining  no  great  size  in 
poorer  soils.  The  source  of  the  nitrogen  of  the  bacteria  is  here 
supposed  to  be  combined  nitrogen  in  the  soil.  The  experimental 
results  which  have  been  described  clearly  show,  however,  that  the 
nodules  may  develop  very  plentifully  in  a  nitrogen-free  soil,  and  that 
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there  may,  under  such  conditions,  be  great  gain  of  nitrogen  if  only  the 
soil  be  suitably  infected. 

It  is  at  the  same  time  stated,  that  no  decision  is  arrived  at  as  to 
whether  the  nitrogen  comes  from  nitrogen-compounds,  or  from  the  free 
nitrogen  of  the  air,  nor  as  to  what  i^yantage  accrues  to  the  bacteria 
and  to  the  hosit  plant  respectively.  It  is,  however,  also  stated,  that  the 
bacteria  feed  on  the  sap  and  cell-contents,  whilst  the  plant  obtains 
nitrogen  by  means  of  the  bacteria.  But,  as  I  have  already  said,  if  the 
nitrogen  of  the  bacteria  is  derived  from  the  plant,  it  will  itself  be  no 
gftiner  by  resorbing  it.  Nor  would  there  be  any  such  actual  gain  of 
nitrogen  in  nitrogen-free  soils  as  there  undoubtedly  is,  if  the  source  of 
the  nitrogen,  either  of  the  parasite  or  of  the  host,  were  essentially  the 
Sophies  of  combined  nitrogen  within  the  soil. 

Further,  one  assumption  is,  that  the  organisms  become  distributed 
in  the  soO,  both  during  the  life  of  the  host  and  afterwards,  and  that 
the  fixation  takes  place  under  their  agency  within  the  soil  itself,  rather 
than  in  the  course  of  the  development  of  the  bacteria  in  symbiosis  with 
the  higher  plant.  Another  assumption  is,  that  the  fixation  takes 
place  in  the  soil  itself  under  the  influence  of  microbes  existing  within 
It,  and  that  the  higher  plant  assimilates  the  resulting  combined 
nitrogen.  As  bearing  upon  these  points  it  may  be  observed  that,  in  the 
experiments  with  peas  in  1888,  there  was  practically  no  gain  of  nitrogen 
within  the  soil  itself,  which  it  may  be  supposed  there  would  have  been 
if  the  fixation  had  taken  place  within  it^  and  the  host  had  acquired  its 
gain  from  the  compounos  there  produced.  Indeed,  the  evidence  at 
present  at  command  certainly  does  not  point  to  the  conclusion  that  the 
gain  of  nitrogen  by  Leguminosse  under  the  influence  of  microbe  infection 
of  the  soil,  and  nodule  formation,  is  due  to  fixation  by  organisms 
within  the  soil  itself,  independently  of  the  symbiotic  life.  It  is 
admitted,  however,  tha^  further  evidence  is  needed  on  the  point. 

It  is  obvious,  too,  that  so  far  as  free  nitrogen  may  be  fixed  by 
microbes  within  the  soil  independently  of  connection  with  a  higher 
plant,  the  resulting  nitrogenous  compounds  should,  directly  or  in- 
directly, be  available  to  plants  generally,  whether  leguminous  or  non* 
leguminous. 

On  this  point  it  may  be  remarked  that  about  thirty  years  ago 
Boussingault  concluded,  from  the  results  of  vegetation  experiments 
made  in  1858  and  1859,  in  mixtures  of  rich  soil  and  sand,  that  free 
nitrogen  had  been  fixed  within  the  soil  by  the  agency  of  mycodermic 
vegetation,  and  that  the  nitrogenous  products  which  remained  within 
it  were  largely  in  the  form  of  organic  detritus.  Subsequently,  however,  he 
c(Hiflidered  that  there  was  not  satisfactory  evidence  that  free  nitrogen  is 
fixed  within  the  soil  under  the  influence  of  the  development  of  lower 
organisms.  It  is  of  interest  to  observe,  however,  that  those  of  his 
remits  in  1858  and  1859  which  showed  any  material  gain  of  nitrogen, 
either  in  the  vegetable  matter  grown  or  in  the  soil,  were  obtained  with 
Ltguminosa ;  and  that,  in  the  case  in  which  there  was  the  greatest  gain 
in  the  phmts  themselves,  he  records  that  there  were  numerous  tubercles 
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on  their  roots.  In  one  other  case,  in  which  however  only  sand  was 
used  as  soil,  and  the  gain  in  the  plant  was  but  small,  he  also  observed 
tubercles  on  the  roots.  In  the  other  cases  of  gain  no  mention  is  made 
of  tubercles,  and  it  may  be  that  the  roots  were  not  so  examined  as  to 
determine  whether  they  existed  or  not.  It  is,  at  any  rate,  very  signifi- 
cant, when  viewed  in  the  light  of  recently  acquired  knowledge,  that  in 
all  the  cases  of  gain  the  plants  grown  were  of  the  leguminous  family, 
and  that  in  some  of  them  nodules  were  observed  on  the  roots. 

On  the  other  hand,  Berthelot  considers  that  he  has  experimentally 
proved  the  fixation  of  free  nitrogen  by  the  aeency  of  microbes  within 
the  soil,  both  in  the  absence  of  higher  vegetation,  and  also  coincidently 
with  the  growth  of  m?;2-leguminous  plants.  He  further  considers  that 
such  fixation  takes  place  to  an  extent  which  would  be  an  important 
source  of  nitrogen  to  our  crops.  Whether  or  not  this  experimental 
result  be  eventually  confirmed,  it  may  safely  be  said,  that  neither 
experience  in  practical  agriculture,  nor  the  nitrogen  statistics  of  soils 
and  crops,  points  to  the  conclusion  that  our  nm-legaminoua  crops  do 
acquire  nitrogen  rendered  available  by  the  fixation  of  free  nitrogen 
under  the  agency  of  microbes  within  the  soil  independently  of 
leguminous  growth,  or  at  any  rate  that  they  do  so  in  any  material 
degree. 

In  1888,  however,  Berthelot  made  numerous  experiments  with 
Leguminosfie,  and  in  many  of  them  he  found  very  large  gains  of 
nitrogen;  indeed  a  much  higher  range  of  gain  than  in  his  other 
experiments.  That  there  should  be  large  gain  under  such  conditions  is 
quite  consistent  with  the  results  which  have  been  recorded  of  the 
experiments  made  at  Rothamsted  in  1888  and  since,  with  Leguminosae ; 
and,  like  them,  Berthelot's  results  contribute  to  the  confirmation  of 
those  of  Hellriegel  and  Wilfarth.  Further,  these  results  of  Berthelot^ 
like  those  obtained  at  Rothamsted  and  by  others  with  leguminous 
plants,  are  consistent  with  well  established  facts  of  agricultural 
production,  and  with  the  nitrogen  statistics  of  soils  and  crops,  and 
serve,  with  them,  to  aid  the  solution  of  long  recognised  problems  in 
connection  with  the  growth  of  Leguminous  crops. 

But,  whether  or  not  it  may  eventually  be  established  that  nitrogen 
is  fixed  by  microbes  within  the  soil  independently  of  leguminous  growth, 
there  is  evidence  that  in  soils  and  subsoils  containing  organic  nitrogen, 
lower  organisms  may  serve  the  higher  plants,  by  taking  up,  or 
attacking  and  bringing  into  a  more  readily  available  condition, 
combined  nitrogen  not  otherwise,  or  only  very  slowly,  available  for  the 
higher  plants.  For  example,  it  is  probable  that  Fungi  generally, 
derive  nitrogen  from  organic  nitrogen;  and  in  the  case  of  those  of 
Fairy  Kings  there  can  be  little  doubt  that  they  take  up  from  the  soil 
organic  nitrogen  which  is  not  available  to  the  meadow  plants,  and  that, 
on  their  decay,  their  nitrogen  becomes  available  to  the  associated 
herbage.  Then  in  the  case  of  the  fungus  mantle  observed  by  Frank 
on  the  roots  of  certain  trees,  it  may  be  supposed  that  the  fungus  takes 
up  organic  nitrogen,  and  so  becomes  the  medium  of  the  supply  of  the 
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soil  nitrogen  to  the  plant.  More  pertinent  still  is  the  action  of  the 
nitrifying  organisms  in  rendering  the  organic  nitrogen  of  the  soil 
and  subsoil  available  to  the  higher  plants.  It  may  well  be  supposed, 
therefore,  that  there  may  be  other  cases  in  which  lower  organisms 
may  serve  the  higher,  by  bringing  into  a  more  available  condition 
the  combined  nitrogen  already  existing,  but  in  a  comparatively  inert 
state,  in  soils  and  subsoils. 

As  to  the  undoubted  fixation  of  free  nitrogen  in  the  growth  of 
leguminous  crops  under  the  influence  of  suitable  microbe  infection,  and 
of  the  development  of  nodules  on  the  roots  of  the  plants,  the 
alternative  explanations  seem  to  be  : — 

1.  That  the  plant  is  enabled,  under  the  conditions  of  the 
symbiosis,  to  fix  the  free  nitrogen  of  the  atmosphere  by  its  leaves. 

2.  That  the  organisms  become  distributed  within  the  soil  and 
there  fix  free  nitrogen  ;  the  resulting  nitrogenous  compounds  becoming 
available  as  a  source  of  nitrogen  to  the  roots  of  the  higher  plant. 

3.  That  free  nitrogen  is  fixed  in  the  course  of  the  development  of 
the  organisms  within  the  nodules,  and  that  the  resulting  nitrogenous 
compounds  are  absorbed  and  utilised  by  the  host. 

It  seems  to  me  that  the  balance  of  the  evidence  at  present  at 
command  is  much  in  favour  of  the  third  mode  of  explanation. 

It  must  be  admitted,  however,  that  more  evidence  is  needed  as  to  the 
mode  of  life  of  the  parasite,  especially  having  regard  to  the  surrounding 
media.  The  subject,  in  various  aspects,  is  bemg  further  investigatea 
at  Rothamsted.  Experiments  have  been  made  or  are  in  progress  to 
determine  the  amount  of  gain,  if  any,  under  the  influence  of  soil- 
extract  seeding,  in  the  case  of — peas,  beans,  vetches,  lupins,  white 
doyer,  red  clover,  sainfoin,  and  lucerne.  It  is  obvious,  however,  that 
in  the  case  of  experiments  conducted  with  a  view  to  the  analysis  of 
the  final  products  of  growth,  no  examination  of  the  roots  of  the 
plants,  and  of  the  nodule-formation  on  them,  can  take  place  until  the 
conclusion  of  the  experiment.  Accordingly,  a  series  of  eroeriments 
has  this  year  been  arranged,  in  such  manner  as  to  admit  of  the  careful 
examination  of  the  roots  at  successive  periods  of  the  growth  of  the 
plants.  The  same  eight  descriptions  of  leguminous  plant  as  above 
enumerated  are  thus  under  experiment.  Each  is  grown  in  a  com- 
paratively pure,  but  unwashed  and  unsterilised  sand,  with  soil-extract 
added ;  and  also  in  a  mixture  of  rich  garden  soil  and  sand.  It  is 
obvious  that^  under  such  conditions,  any  difference  in  the  character  of 
the  development  of  the  roots,  or  of  the  nodules  on  them,  on  the  one 
hand  in  an  almost  nitrogen-free  but  duly  infected  soil,  and  on  the  other 
in  one  rich  in  compounds  of  nitrogen,  can  advantageously  be  studied. 

OF  WHAT  IMPORTANCE  TO  AGRICULTURE   IS  THE  NEWLY-ESTABLISHED 
SOURCE  OF  NITROGEN  TO  LEGUMINOUS  CROPS  ? 

The  question  yet  remains : — What  is  the  practical  importance  of 
this  newly-established  source  of  nitrogen  to  the  LeguminosiB,  considered 
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in  its  bearing  on  the  known  facts  of  Agricultural  production,  and 
especially  on  the  question  of  the  sources  of  the  nitrogen,  not  only  of 
Leguminous  crops  themselves,  but  of  crops  generally  1  Unfortunatelyy 
ap  in  the  matter  of  the  explanation  of  the  action  by  which  the  nitrogen 
is  fixed,  there  is  much  yet  to  learn,  before  a  satisfactory  answer  can  be 
given.    Still  it  may  be  well  to  report  progress. 

In  our  recent  paper  in  the  "  Philosophical  Transactions  "  (Vol.  180  B), 
we  said  that  whilst  experience,  whether  practical  or  experimental,  did 
not  point  to  an  unsolved  problem  in  the  matter  of  the  sources 
of  the  nitrogen  of  the  agricultural  plants  of  other  families,  it 
was  quite  otherwise  so  far  as  those  of  the  Leguminosce  were  concerned. 
It  is  true  that  both  agricultural  investigation,  and  direct  vegetation 
experiment,  have  clearly  shown  that  L^uminos®  do  take  up  much 
soil-nitrogen,  and,  at  any  rate  in  great  part,  as  nitrate.  But  it  was 
admitted  that,  in  some  cases,  there  was  no  evidence  to  justify  the 
conclusion  that  the  whole  of  the  nitrogen  had  been  so  derived; 
and  hence,  that  some  other  explanation  of  the  laige  amounts 
assimilated  was  needed. 

It  has  been  seen  that  the  balance  of  experimental  evidence 
is  against  the  supposition  that  the  higher  plants  growing  under 
sterilised  conditions  can  assimilate  free-nitrogen.  But,  it  is  now 
established  that,  at  any  rate  in  the  case  of  some  leguminous  plants, 
they  may  acquire  nitrogen  coincidently  with  the  development  on 
their  roots  of  tubercular  bodies  with  bacteroid  contents;  and  the 
evidence  points  to  the  conclusion,  that  it  is  the  lower  organisms,  and 
not  the  higher  plants,  that  fix  free  nitrogen. 

It  has  been  stated  that  the  characteristic  nodules  have  been  found 
on  the  roots  of  various  Leguminosae  growing  among  the  mixed  herbai^ 
of  grasa-hind,  and  also  on  those  of  others  growing  on  arable  land,  in 
the  ordinary  course  of  agriculture.  It  has  been  suggested,  that  when 
such  plants  are  growing  in  soil  and  subsoil  containing  an  abundance  of 
combmed  nitrogen,  lower  organisms  may  serve  the  higher,  at  any  rate 
in  part,  by  bringing  the  already  combined  nitrogen  of  the  soil  and 
subsoil  into  a  more  readily  available  condition.  But,  so  £Eur  as  free 
nitrogen  may  be  brought  into  combination,  the  question  arises — under 
what  conditions  will  this  action  come  the  more  or  the  less  into  playf 

As  bearing  upon  this  subject,  it  may  be  stated  that,  in  experiments 
with  beans.  Professor  Vines  found  that  the  formation  oif  nodules  on  Uie 
roots  was  very  much  reduced,  if  not  only  accidental,  when  the  plants 
were  liberally  supplied  with  nitrate.  Again,  in  some  of  the  experi- 
ments at  Bothamsted  which  have  been  described,  there  was  a  leas 
development  of  nodules  when  the  soil  contained  an  abundance  of 
combined  nitrogen.  On  the  other  hand,  some  observers  have  con- 
cluded that  the  development  of  the  nodules  is  the  greater,  the  greater 
the  supply  of  nitrogenous  compounds  at  the  disposal  of  the  roots ; 
and,  in  some  of  the  experiments  at  Bothamsted,  this  has  undoubtedly 
been  the  case.  It  is  admitted,  however,  that  further  evidence  is 
required  on  the  point,  and  it  is  believed  that  the  experiments  now  in 
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progresB,  to  which  reference  has  been  made,  will  afford  some  definite  in- 
formation on  the  subject. 

It  would  eeem  not  improbable  that  different  LeguminoMB  may 
behave  differently  in  this  respect.  Should  this  prove  to  be  the  case, 
and  supposing  it  be  established  that  fixation  of  free  nitrogen  is  always 
a  coincident  of  the  nodule  development,  it  would  be  concluded  that 
when  nodules  develop  abundantly  on  the  roots  of  Leguminous  plants 
growing  in  soil  rich  in  readily  available  combined  nitrogen,  the  nitrogen 
assimilation  will  be  largely  due  both  to  soO  nitrogen  and  to  fixation.  On 
the  other  hand,  it  is  clear,  as  in  the  case  of  the  experiments  with 
yellow  lupins  growing  in  nitrogen-free  but  duly-infected  sand,  for 
example,  that  the  nitrogen  assimilation  may  be  very  large  in  the 
absence  of  any  initial  soil  supply  beyond  that  in  the  seed  sown. 
Obviously  in  such  a  case  the  assimilation  will  be  almost  entirely  due  to 
fixation. 

Should  the  results  of  further  investigation  and  observation  confirm 
the  indication  that  on  the  roots  of  some  Leguminose  nodules  develop 
the  more,  and  that  there  is  coincidently  a  greater  gain  of  nitrogen  due 
to  fixation,  the  richer  the  soil  in  available  combmed  nitrogen,  whilst 
with  others  it  is  not  so,  or  that  there  is  at  any  rate  mat  gain  without 
such  soil  supply,  it  is  obvious  that  the  proportion  in  uniich  a  leguminous 
crop  will  derive  its  nitrogen,  on  the  one  hand  from  soil  supplies  of 
combined  nitrogen,  and  on  the  other  from  fixation  under  the  mfluence 
of  the  symbiotic  life,  may  be  very  different,  according  to  the  peculiari- 
ties of  die  particular  description  of  plant,  and  to  the  characters  of  the 
soil  as  to  available  supply  of  combined  nitrogen,  mechanical  condition, 
and  due  infection. 

SUMMARY  AND  CONCLUSION. 

There  is  no  evidence  that  the  leguminous  plant  itself  assimilates 
free  nitrogen.  The  evidence  at  present  at  command,  is  in  favour  of 
the  supposition  that  the  observed  gain  is  due  to  the  fixation  of  nitrogen 
in  the  development  of  the  lower  organisms  in  the  root-nodules,  and 
that  the  nitrogenous  compounds  produced  are  taken  up  and  utilised  by 
the  leguminous  plant.  Further,  the  development  of  the  supposed 
nitrogen  fixing  bodies  is  obviously  dependent  on  due  infection  with 
organisms  essential  to  the  setting  up  of  the  symbiotic  life  in  the 
pa^icular  leguminous  plant  to  be  grown. 

It  seems  probable  that,  in  the  growth  in  practical  agriculture  of 
leguminous  crops,  such  as  clover,  vetches,  peas,  beans,  lucerne,  &c.,  at 
any  rate  some,  and  in  some  cases  a  considerable  proportion,  of  the  large 
amount  of  nitrosen  which  they  contain,  and  of  the  large  amount  which 
they  frequently  leave  as  nitrogenous  residue  in  the  soil  for  future  crops, 
may  be  due  to  free  nitrogen  so  brought  into  combination  by  the  agency 
of  lower  organisms. 

It  has  yet  to  be  determined,  under  what  conditions  a  sreater  or  less 
proportion  of  the  total  nitrogen  of  the  crop  will  be  derivea— on  the  one 
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hand  from  nitrogen-compounds  within  the  soil,  and  on  the  other  from 
such  fixation. 

Incidentally  the  question  suggests  itself — ^how  far  the  failure  of 
red  clover,  or  of  other  leguminous  crops,  may  be  due  to  the  exhaustion 
of  the  organisms  necessary  for  nodule  development,  and  for  the  conse- 
quent fixation  of  free  nitrogen,  and  how  far  to  the  exhaustion  of 
combined  nitrogen  in  an  available  condition,  or  of  the  necessary  mineral 
constituents,  within  the  range  of  the  roots  1 

Assuming  it  to  be  established  that  a  considerable  proportion  of  the 
nitfogen  of  our  leguminous  crops  is  due  to  fixation  under  the  conditions 
supposed,  it  is  obvious  that  such  a  fact  will  not  only  serve  to  explain 
the  source  of  the  hitherto  unaccounted  for  amount  of  the  nitrogen  of 
those  crops  themselves,  but  it  will  also  aid  the  explanation  of  the 
source  of  the  increased  amount  of  nitrogen  which  otjEer  crops  acquire, 
when  they  are  grown  in  association,  or  in  alternation,  with  Leguminos®. 
Lastly,  it  will  help  to  explain  the  source  of  part  of  the  accumulated 
combined  nitrogen  within  our  soils,  and  the  comparatively  slow  exhaus- 
tion of  their  stores  of  it,  by  cropping,  drainage,  and  in  other  ways. 
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Dr.  J.  n.  Gilbert  remarked  that  as  Mr.  Harrison  had  referred  to 
the  results  obtained  by  Sir  John  Lawes  and  himself,  and  had 
founded  important  estimates  upon  them,  they  thought  it  might 
be  of  interest  to  provide  further  data  than  had  been  already 
published,  and  they  had  accordingly  prepared  the  Tables  now 
exhibited.  Mr.  Harrison  had  referred  to  ten  years  of  percola- 
tion experiments ;  but  in  the  Tables  they  had  given  the  results  of 
twenty  years  up  to  last  autumn.  The  first  Table  showed,  for  each 
of  the  twenty  years,  the  amount  of  rain  in  inches,  the  percolation 
in  inches,  through  20,  40,  and  60  inches  of  soil,  and  the  comple- 
mentary amounts,  which  represented  evaporation ;  also  the  averages 
for  the  twenty  years.  In  the  second  Table  would  be  found  the 
average  for  each  month  of  the  year  over  the  twenty  years. 
The  results  were  given  for  harvest-years,  from  September  1st  to 
August  31  St.  Not  only  was  that  method  of  computation  of  interest 
to  them  as  agriculturists,  but  he  thought  it  ought  to  be  adopted  by 
those  who  studied  the  question  of  drainage  from  other  points  of  view. 
Thus,  the  second  Table  showed  that  the  average  minimum  drainage 
was  in  August;  and  that  in  September  the  amount  began  to 
increase.  If  the  civil  year  were  taken  it  would  be  found  that  the 
end  of  December  cut  the  drainage  in  the  middle  of  the  period  of 


'  The  ObnenratioiiB  were  made  at  the  mooting  held  on  March  10, 1891,  in  the 
coune  of  the  diBcussion  of  Mr.  J.  Thoruhill  Harrison's  paper,  **  On  the  Subter- 
ranean Water  in  the  Chalk  Formation  of  the  Upper  Thames,  and  its  Relation  to 
the  Supply  of  London." 
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greatest  activity ;  whilst  marked  decline  commenced  T¥itli  March, 
not  April,  the  point  of  civil  year  division.  For  other  purposes, 
therefore,  as  well  as  those  of  agriculture,  the  harvest-year  was 
more  appropriate  than  the  civil  year.  But  perhaps  he  ought  to 
say  a  word  as  to  the  observations  of  Mr.  Symons,  who  had  called  in 
question,  more  or  less,  the  validity  of  the  whole  thing.  If,  as 
he  suggested,  there  was  material  drainage  between  the  soil  and  the 
walls,  the  results  were  of  course  of  very  little  value ;  but  Dr.  Gilbert 
thought  they  might  be  satisfied  that  the  soil  would  very  soon  settle 
sufficiently  close  to  the  wall  to  prevent  any  such  abnormal  action. 
Taking  the  average  of  the  twenty  years,  the  minimum 
drainage  was  in  August,  but  the  details  for  each  individual  year 
showed  that  it  was  frequently  before  August,  and  very  rarely 
after  it ;  and  the  recommencement  of  the  drainage  was  very 
seldom  in  August,  though  with  very  heavy  rain  they  might  have 
much  drainage,  and  it  was  not  often  later  than  September.  If  the 
drainage-beds  had  been  covered  with  vegetation,  the  average 
minimum  drainage  would  be  earlier  than  August,  and  the  recom- 
mencement would  begin  later  than  Septenjber.  He  might  be 
permitted  to  call  attention  to  one  or  two  of  the  main  results. 
The  first  ten  years,  with  an  average  of  about  30  inches  of  rain, 
gave  13*21,  13*94,  and  12*17  inches,  according  to  the  depth  of 
soil,  viz.,  20,  40,  and  60  inches.  With  a  rather  less  rainfall  during 
the  'second  ten  years  they  had  15*54,  16*38,  and  15*05  inches 
of  drainage.  That  was,  with  a  rather  less  rainfall  there  was  a 
larger  amount  of  drainage.  There  was  less  through  the  60  inches 
than  through  the  20  inches  of  soil.  One  vitiating  element  in 
experiments  of  this  kind  obviously  was  that  they  were  obliged 
to  cut  off  the  drainage  at  a  particular  point,  so  that  there  was  no 
possibility  of  a  return  upwards.  If,  however,  they  compared  the 
drainage  through  the  60  inches  with  that  through  the  20  inches, 
they  would  find  that  there  was  a  little  less  through  the  greater 
depth,  which  was  evidence  that  there  had  been  a  return  upwards 
below  the  point  at  which  it  was  cut  off  in  the  20-inch  gauge ;  but 
the  fact  of  its  being  so  little  less,  he  thought,  showed  that  the 
conditions  were  not  very  wide  of  what  they  might  be  under  ordi- 
nary circumstances.  Then  as  to  the  larger  amount  of  drainage 
through  the  40-inch  gauge,  it  was  found  that  the  Bothamsted 
subsoil  was  exceedingly  variable,  and  they  were  able  to  judge 
from  the  composition  of  the  water  that  passed  through  it  that 
the  subsoil  in  the  40-inch  gauge  was  probably  more  gravelly, 
and  therefore  there  was  more  percolation;  there  was,  moreover, 
with  more  drainage,  less  nitric  acid  in  it. 


BAINFALL,  PEBOOLATION,  AND  EVAPOHATIOK.         O 

The  advantage  of  having  a  greater  number  of  years,  and 
full  details,  was  that  they  were  able  not  only  to  get  a  better 
average,  but  to  study  the  maxima  and  the  minima,  which  were  of 
the  greatest  importance,  especially  the  latter,  when  they  came  to 
consider  what  was  available  over  a  series  of  years.  It  would  be 
seen  by  the  first  Table,  that  in  1873-4,  with  a  rainfall  of  something 
under  22  inches,  the  drainage  was  only  5  *  74,  5  *  40,  and  3  *  94  inches. 
In  1879-80,  with  a  rainfall  also  between  21  and  22  inches,  the 
drainage  was  6*89,  7*39,  and  6*50;  whereas,  in  1878-9,  with  a 
rainfall  of  41  inches,  the  drainage  was  24*44,  26*03,  and  24*38. 
In  1880-1,  with  a  rainfall  of  36  *  77  inches,  the  drainage  was  22  *  38, 
22  •  84,  and  21  *  26  inches.  Thus,  within  the  harvest-year  they  might 
have  little  more  than  5  inches  of  drainage,  or  as  much  as  from  22  to 
25  or  26  inches.  Such  results  were  of  great  importance  to  study  when 
ooDsidering  what  would  be  available  under  any  given  circumstances. 

The  details  further  showed  that  although  the  rainfall  obviously 
bad  a  considerable  influence  upon  it,  the  amount  of  drainage  was 
by  no  means  proportional  to  the  rainfall,  but  depended  to  a 
great  extent  upon  the  distribution  as  well.  Thus,  to  give  a  very 
obvious  example,  if  they  had  a  given  amount  of  heavy  rain  during 
the  growing  period,  there  might  be  no  drainage  at  all;  whilst 
the  same  quantity  during  the  winter,  when  there  was  no  vegeta- 
tion, and  little  evaporation,  might  give  a  very  large  propor- 
tion of  drainage.  The  drainage  was,  in  fact,  materially  affected 
by  the  distribution  of  the  rain,  and  the  drainage  and  evaporation 
were,  of  course,  complementary  to  one  another.  The  Table  showed 
that  taking  the  difference  between  rainfall  and  percolation  to 
represent  evaporation,  they  had  in  two  years  only  12  inches  of 
evaporation, ' and  in  several  between  19  and  20  inches;  so  that 
there  was  a  great  difference  in  that  respect  also.  According  to  the 
average  of  twenty  years,  with  rather  heavy  soil,  free  from  vegetation, 
it  might  be  said  that  the  drain-gauges  gave  about  14  inches.  It 
was  difficult  to  estimate  exactly  what  deduction  should  be  made  for 
vegetation.  A  large  proportion  of  any  area  that  they  had  to  con- 
sider was  covered. with  vegetation.  Sir  John  Lawes  and  himself 
had  considered  that  the  minimum  amount  would  average  2  inches, 
as  in  the  case  of  downs  or  waste  lands,  where  there  was  very 
little  vegetation ;  whereas  with  a  heavy  grain-crop,  or  good 
mangel  crop,  there  might  be  an  evaporation  of  7  inches  or 
more.  Taking  the  average  of  a  large  area  around  London, 
partly  covered  with  vegetation  and  partly  bare,  over  a  number 
of  seasons,  they  thought  that  between  3  and  4  inches  should 
be  deducted  from  the  14  inches  of  percolation,  so  leaving  10 
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or  11  inohes.  Supposing  the  average  rainfall  to  be  abont 
80  inches  for  the  twenty  years,  that  left  about  19  or  20  inches 
for  evaporation,  both  by  the  soil  and  by  vegetation.  This  agreed 
very  fairly  with  the  results  of  Dr.  Evans  and  others.  Fnrther, 
in  reference  to  the  interpretation  of  the  figures  which  he  had 
given,  it  should  be  observed  that  the  estimated  rain&U  of  the 
Ohalk  district  was  about  27  inches.  The  rainfall  over  the  twenty 
years  at  Bothamsted  was,  however,  30  inches  by  the  large  one- 
thousandth  of  an  acre  gauge,  but  only  29  inches  by  the  5-inGh 
gauge.  The  large  gauge  recorded  a  great  many  small  deposits 
which  could  not  be  measured  by  a  small  one ;  and  there  were  also 
some  other  irregularities.  But  if  they  used  the  same  kind  of 
gauge  as  that  by  which  the  observations  of  others  were  mostly  made, 
the  ordinary  5-inch  gauge,  the  result  would  be  29  inches,  whereas 
the  estimate  for  the  whole  district  was  only  between  26  and 
27  inches.  Hence  the  Bothamsted  results  to  which  he  had  referred 
probably  indicated  a  rather  exaggerated  amount  of  drainage  for 
the  whole  district. 

A  point  to  which  he  wished  particularly  to  call  attention 
was,  that  the  details — the  minima  as  well  as  the  averages — should 
be  studied,  if  they  were  to  form  any  trustworthy  conclusions  from 
such  results.  He  admitted  with  Mr.  Symons,  that  there  was  some- 
thing artificial  in  that  mode  of  estimating  the  drainage  of  a  district, 
but  he  knew  of  no  better.  He  had  received  a  memorandum  from 
Sir  John  Lawes,  calling  attention  to  two  or  three  particular 
points.  The  first  referred  to  the  fact  that,  within  a  mile  to  the 
eastward  of  the  gauges,  there  had  undoubtedly  been  a  river 
before  his  time,  and  to  the  westward  there  was  the  Yer,  which 
had  gone  down  immensely  during  his  lifetime,  and  had  often 
been  dry.  Then  again,  the  wells  had  frequently  to  be  lowered, 
and  the  water-supply  was  at  any  rate  lessening,  and  whether  the 
scheme  now  in  question  would  or  would  not  affect  the  waters  to 
the  north  of  London,  it  was  of  the  greatest  importance  that 
nothing  should  be  done  to  reduce  them ;  for  there  could  be  no 
doubt  that  they  would  want  all  they  could  get.  Sir  John  Lawes 
agreed  with  Mr.  Harrison  in  thinking  it  extremely  desirable  that 
they  should  have  better  gaugings  of  the  flow  and  discharges  of 
the  rivers  in  the  chalk  district  north  of  London. 
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Tablb  a. — Summaiy  of  results,  20  yeais. 
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Diflferenoe,!  ftpprozL 
mately  s:  evi4>oratioD. 


20 

Inches 

Deep. 


40 

Inches 

Deep. 


•0 
Inches 
Deep. 


Harvest  yciazst  Sept  I  to  Aug.  81. 


U7«-l  . 

1871-2  . 

1872^-8  . 

1878-4  . 

187%-5  . 

1875-6  . 

1876-7  . 

1877-8  . 

1878-9  . 

1879-80  . 

1880-1  • 

1881-2  • 

1882-8  . 

1888^  . 

1885-6  . 

1886-7  . 

1887-8  . 

1888-8  . 

1889-90  . 


Averages 


Inches. 
26*49 

27-88 

28-99 

20-29 

27-87 

28-88 

87-78 

82-11 


40-17 
20-88 
85-85 


.   81-66  S2-81 
.   88*69  84-71 


.  '25-29 


Inches. 
27-55 

29-02 

80-66 

21-69 

81-61 

81-98 

89-28 


82-65 


41  05 
21-86 
86-77 


25-77 


25-90  26-78 


29-46 
22-63 
29-11 
28-79 


26-73 


2902 


31-02 
23-61 
30-50 
3009 
27-43 


Inches. 
9-64 

9-i69 
14-85 

5-74 
12-25 
14-75 
19-63 
14-72 
24-44 

6-89 
22-88 
15-81 
20-82 
11-86 
14-82 
17-37 
10-64 
13-96 
14-64 
13-16 


30-29 


14-38 


Inches. 
9-42 

9-39 
13-67 

5-40 
12-72 
16-87 


22-07  20-20 


tbdbee. 
5-81 

8-^ 
1203 

8-94 
10-80 
15-46 


16-44 
2608 
7-39 
22-84 
16-08 
21-72 
12-00 
15  14 
18-41 
12-58 
15-58 
15-82 
1^-60 


15-16 


14-84 
124-88 
6-50 
21-26 
II  •C2 
M-72 
11-21 

I 

13*98 

16-57 

11-72 

14-67 

14-83 « 

12-74 


Inches. 
17-91 

19-83 

16-31 

15-95 

19-86 

17-23 

19-65 

17-93 

16-61 

14-47 

14-39 

16-50 

13-89 

13-91 

11-96 

13-65 

12-97 

16-54 

15-45 

14-27 


Inches. 
18-18 

19*63 

16-99 

16-29 

18 '89 

15-11 


1^-61 


15-91 


17-21   19-68 


Inches. 

21 -n 

20-76 
18-68 
17-75 
21-81 
16-52 


16-21 
15-02 
13-97 
18*98 
16-28 
12-99 
13-77 
111-64 
12-61 
11-03 
14-92 
14*27 
13-88 


15  18 


17-81 
16-67 
14-86 
15-51 
17-99 
14-99 
14-56 
12-80 
14*45 
11-89 
15-88 
15-76 
14^69 


16-68 


>  Gakmlated  on  the  rainlaU  shown  by  the  tmq^  ^^  gauge. 
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SAiEimXi^  naoohATioSy  and  evapobaxiok. 


SziBxnaaBnEB  en  BAnnrAix  Ain>  Dbahtagk  at  Boteaxbthi. 


I^nfrll. 

Draiiuige  through  soil 
(mioroppea). 

Dlfferanoe,i  approad- 

6-Inch 
Fnimel 
Oange. 

lAnth 

Acre 

Oanga. 

SO 
Tnches 
Deep. 

40 
Inches 
Deep. 

60 

Inches 

l>eep. 

90            40 
Inches   Indies 
Deep.      Deep. 

60 

Inches 

Deep. 

Tabli  B. — ^ATonges  for  each  month,  20  Harreflt-yean. 


September    .     •    • 

Inches. 
2-74 

Inches. 
2-86 

Inches. 
0-96 

Inches.   Inches. 
0-85     0-75 

Indies. 
1-90 

Inches. 
201 

Indies. 
2-11 

October  •     .     .     • 

307 

8*20 

1-78 

1-74 

1-50 

1-42 

1-46 

1-70 

NoTember    •     .    • 

2-92 

8  08 

2-24 

2*80 

2*05 

0-79 

0-73 

0-98 

December    .     •     • 

2-81 

2*42 

1-90 

2-02 

1-81 

0-52 

0-40 

0-61 

January  .     .     .     • 

2  84 

2-51 

1*96 

2*25 

2-06 

0-55 

0-26, 

0-45 

February     •     .     . 

1*92 

204 

1-44 

1-59 

1-44 

0-60 

0-45 

0-GO 

March     .     .     •     « 

1-61 

1-74 

0-80 

0-95 

0-86 

0-94 

0-79 

0-88 

AprU 

212 

2*21 

0-67 

0-74 

0-68 

1-54 

1-47 

1-58 

Hay 

2*22 

2-28 

0-60 

0-68 

0-59 

1-68 

1-60 

1*69 

Jnne 

2-45 

2-52 

0-63 

0-64 

0-60 

1-89 

1-88 

1-92 

Joly 

2-96 

8-08 

0-84 

0-85 

0-77 

2-19 

218 

2-26 

Aagost  .     .     .     « 

2-86 

2-45 

0-56 

0-55 

0-50 

1-89 

1-90 

1-95- 

Total      .     .     . 

29-02 

80-29 

14-88 

15-16   18-61 

15-91 

15-18 

16-68 

Tabus  G. — General  Bnmmary,  ayerage  actnal  results  per  annum. 


20  years,  1870-1  to\o«.no 
1889-90     .     .     .r^  "^ 


80-68 
29-91 


80-29 


13-21 
15-54 


14-88 


18-94 
16-38 


15*16 


12-17 


17-47 


13-61 


15-05  14-37  13-53 


15-91 


16:74 


15-18 


18-51 
14-86 


16-68 


Tabli  D. — General  Summary,  average  per  cent,  drainage  and  CTaporation  to 


10  years,  1870-1  to\ 
187a-«0     ,     .     •/ 

10  years,  1880-1  to\ 
1889-90    •     •    J 

•• 
•• 

•• 
•• 

43-1 
52-0 

45-4 
54-8 

39-7 
50-3 

56-9 
48-0 

54-6 
45-2 

60-8 
49-7 

20  years.  1870-1  to\ 
1889-90    •    «    J 

•• 

•• 

47-5 

50-0 

44-9 

52-5 

50-0 

651 

*  Calculated  on  the  rainiall  shown  by  the  n^th  acre  gauge. 


liAINFALL,  PBBOOIiA.TION»  Am)  BYAPORATION« 
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EXFERDIENTB  ON  BaINVALL  AIU>  DbAIMAGE  AT  BOTHAMBTED. 

Honihly  Becord  for  eaoh  Hamreet-year,  Sept.  1  to  Ang.  SI. 


•RMlwfcll- 

Drainage  through  Soil 
(uncropped). 

Diflierenoe.t  approxi- 
mately =  er^ioration. 

6-Inch 
Funnel 
Gauge. 

▲ere 
Gauge. 

20 
Inches 
I>eep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

30 

Inches 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

1870-1. 


Inches.   Inches. 

Indies. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

September    .     .     . 

211 

2-31 

0*22 

006 

002 

209 

2-25 

2-29 

October  . 

3-87 

1 

413 

1-07 

0-45 

018 

306 

3-68 

3-95 

Kovember 

1-24 

1-40 

1-84 

1-42 

0-71 

-0-44 

-0-02 

0-69 

December 

2-53 

2-65 

210 

1-95 

107 

0-55 

0-70 

1-58 

January  . 

1-40 

1-45 

0-25 

1-12 

0-72 

1-20 

0-33 

0-73 

February 

1-64 

1-63 

0-91 

1-13 

0-71 

0-72 

0-50 

0-92 

March     .     , 

1-38 

1-50 

0-34 

0-43 

0-23 

116 

107 

1-27 

April .     .     , 

2-82 

2-89 

0-81 

0-80 

0-63 

2-08 

2-09 

2-26 

May  .     .     . 

0-94 

0-96 

•  • 

0-05 

0-04 

0-96 

0-91 

0-92 

June  .     .     . 

3-89 

3-87 

1-29 

115 

0-90 

2-58 

2-72 

2-97 

July  .     .     , 

3-99 

3-99 

0-81 

0-85 

0-60 

318 

314 

3-39 

Augnnt    .     , 

0-68 

0-77 

•  • 

001 

•  • 

0-77 

0-76 

0-77 

Total   . 

26-49 

1 

27-55 

9-64 

9-42 

5-81 

17-91   18  13 

21-74 

1871-2. 


September    ,     •     . 

4-60 

4-74 

1-82 

1-43 

1-08 

2*92 

3-31 

3-66 

October  . 

0-94 

1-12 

012 

0-24 

0*23 

1-00 

0-88 

0-89 

NoTcmber 

0-60 

0-66 

0-07 

014 

0-85 

0-59 

0*52 

0-31 

December 

1-28 

1-43 

0-82 

0-76 

0-48 

0-61 

0-6T 

0-95 

January  . 

4-51 

4-67 

3-64 

8-65 

8-13 

1-03 

112 

1-54 

February 

1-36 

1-52 

0-64 

0-77 

0-58 

0-88 

0-75 

0-94 

March 

1-84 

212 

0-92 

0-82 

0-83 

1-20 

1-80 

1-29 

April.     . 

1-56 

1-61 

0-09 

0-16 

0-13 

1-62 

1*45 

1-48 

May  .     . 

2-88 

2-90 

0-77 

0-75 

0-63 

213 

2-15 

2-27 

June  .     .     . 

325 

3-25 

0-77 

0-74 

0-76 

2-48 

2*51 

2*49 

July  .     .     . 

2-73 

2-72 

0-01 

0-01 

0-01 

2-71 

2-71 

2-71 

August   .     . 

2-28 

2-28 

0-02 

0-02 

0-03 

2-26 

2-26 

2-25 

Total  . 

27-83 

2902 

9-69 

9-39 

8-24 

19-33 

19-63 

20-78 

'  Galculated  on  the  rainfall  shown  by 
drainage  exceeds  the  rainfall  the  difference 


the  Titioth  acre  ^uge.    When  the 
is  entered  as  a  minus  quantity. 

B  3 
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RAINFAIXy  PEROOLATIOKy  AlO)  EVAPOBATIOK. 


EXFEBIMEKTS  ON  BAINFALL  ASD  DrAIHAGB  AT  BOTHAlfSTED. 

Monthly  Becoid  for  each  Harreet-year,  Sept  1  to  Aug.  31. 


BjinfiOl. 

Dntnage  throocli  Soil 
(uKTOpped). 

Diffprence,!  approzl- 

20 
IndMfl 
Deep. 

40 

Inchee 
Deep. 

60 
Inches 
Deep. 

30 
Inches 
Deep. 

40 
Inches 
1  Deep. 

Fannel     Acre 
Gauge.    Gange. 

60 
Inches 
Deep. 

1872>3. 


Inches. 

1 
Inches. 

Inches. 

Inches. 

Inches. 

Indies. 

Inches. 

Inches. 

September    .     .     . 

1-28 

j  1  37 

001 

002 

001 

1-36 

1-35 

1-36 

October  . 

4-59 

,4  67 

313 

2-68 

2-10 

1-54 

1-99 

2-57 

November 

3-90 

4-03 

2-85 

2-80 

2-44 

118 

1-23 

1-59 

December 

3-97 

416 

1 

3*38 

3-40 

304 

0-78 

0-76 

112 

January  . 

3-53 

3-74 

2-77 

2-73 

2-71 

0-97 

101 

103 

February 

113 

,  1-34 

0-71 

0-54 

0-55 

0-63 

0-80 

0-79 

March 

1-90 

2  05 

1 

0-88 

102 

0-80 

117 

1-03 

1  25 

April 

0-54 

j  0-64 

•  • 

0-01 

0-01 

0*64 

0-'63 

0  63 

May  .     . 

1  74 

1*87 

•  ■ 

•  m 

•  • 

1-87 

1-87 

1-87 

June  .     . 

1-66 

1-76 

•  • 

m  • 

•  • 

1-76 

1-76 

1-76 

Jnly  .     . 

2-31 

2*39 

0-62 

0-47 

0-37 

1-77 

1-92 

2-02 

Angtist   . 

2-44 

2-64 

•« 

•  • 

« • 

2-64 

2-64 

2-64 

Total  . 

28  99 

30-66 

1- 

14-35 

13-67 

1203 

16-31 

16-99 

18-63 

187a-4. 


September    .     .     . 

2-22 

2-38 

0-70 

0-38 

0-20 

1-68 

200 

2-18 

October  .     . 

2-61 

2-82 

0-99 

0-83 

0-29 

1-83 

1-99 

2-53 

NoTember 

1-82 

1-99 

1-08 

1-11 

0-86 

0-91 

0-88 

118 

December 

0-59 

0-71 

015 

0-11 

0-04 

0-56 

0-60 

©•67 

January  . 

1-78 

1-93 

1-22 

1-85 

1-21 

0-71 

0-58 

0-72 

Febmary 

1-62 

1-73 

0-85 

0-84 

0-73 

0-88 

0-89 

100 

March 

0-60 

0-65 

0  01 

004 

0-03 

0-64 

0-61 

0-62 

AprU.     . 

200 

214 

0-32 

0-29 

0-25 

1-82 

1-85 

1-69 

May  .     • 

114 

119 

•  • 

•• 

•  • 

119 

119 

119 

June  •     .     . 

1-53 

1-59 

•  • 

•• 

•  • 

1-59 

1-59 

1-59 

July  .     .     . 

2-82 

2-81 

0-42 

0-45 

0*33 

2-39 

2-86 

2-48 

August    .     . 

1-66 

1-75 

•  • 

•  • 

• « 

1-75 

1-75 

1-75 

Total  . 

20-29 

21-69 

5-74 

5*40 

3-94 

15-95 

16-29 

17-75 

*  Calculated  on  the  rainfiEbll  shown  by  the  yj^th  acre  gangs. 


RAINFALL,  PEEOOLATION,  AND  EVAPORATION. 
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ExPERiMEirTS  ON  Baintall  xsd  Drainage  at  BoTHAMfiTED. 
Monthly  Record  for  each  Harvest-year,  Sept.  1  to  Aug.  31. 


Balnf&ll. 


6-Inch     y^j,th 


Funnel 
Gauge. 


Acre 
Gange. 


Drainage  throngh  Soil 
(nncropped). 


20 
Inches 
Deep. 


40  60 

Inches    Inches 
Deep.  I   Deep. 


Difference,!  approxi- 
mately =  evaporation. 


20  40  60 

Inches     Inches    Indies 
Deep.  :  Deep.      Deep. 


1874-6; 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

1 
Inches.    Inche:}. 

Inches. 

September    .     .     . 

3*48 

3-62 

0-63 

0-25 

0-21 

2-99  ,  3-37 

3-41 

October  . 

305 

3  22 

1-52 

1-26 

102 

1-70 

1-96 

2-20 

Kovember    . 

210 

2-34 

1-21 

104 

0-69 

1-13 

1-30 

1-65 

December 

1-61 

1-80 

116 

1-34 

104 

0-64 

0-46 

0-76 

January  . 

301 

3-99 

2-87 

3-39 

2-62 

112 

0-60 

1-37 

February 

0-77 

118 

0-34 

0-44 

0-38 

0-84 

0-74 

0-80 

March     .     . 

0-75 

0-87 

0-50 

0-57 

0-46 

0-37 

0-30 

0-41 

April       .     . 

1-38 

1-56 

009 

Oil 

0-06 

1-47 

1-45 

1-50 

May  .     .     . 

2-52 

2-74 

0-29 

0-37 

0-30 

2-45 

2-37 

2-44 

June  .     .     . 

8- 15 

3-53 

0-35 

0-26 

0-14 

3-18 

3-27 

3-39 

July  ,     .     , 

506 

5-66 

3-29 

3-66 

3-35 

2-37 

2  00 

2-31 

Augnst    .     . 

0-99 

110 

•  • 

0-03 

003 

1-10 

1-07 

107 

Total  . 

*  1 

27-87 

31-61   12-25 

12-72 

10-30 

19-36   18  89  21-31 

1875-e. 


September    .     •     . 

2-46 

2-80 

0-89 

0-83 

0-71 

1  91 

.  1-97 

2-09 

October  . 

513 

5-90 

3-72 

3  95 

3-55 

2-18 

1  95  ;  2-35 

Norember 

3-95 

4-43 

3-24 

3-54 

3-26 

1-19 

0-89 

1-17 

December 

0-90 

119 

0-78 

101 

0-97 

0  41 

018 

0-22 

January  . 

1-59 

1-81 

1-46 

1-76 

1-67 

0-35 

005 

0-14 

February 

2-79 

3-05 

1-87 

2-20 

1-94 

1-18 

0*85 

1-11 

March 

2-42 

2-90 

1-28 

1-74 

1-58 

1-62 

►  1-16 

1-32 

April.     . 

- 

8-24 

3-33 

136 

1  66 

1-72 

1  97 

1  1-67 

1-61 

May  .     .     . 

0-76 

0-78 

•• 

004 

003 

0-78 

.0-74 

0-75 

June  •     .     . 

1-83 

1-85 

•• 

■• 

.  • 

1  35 

.  1-35  1  1-35 

1 

Jtdy  .     .     , 

1-43 

1-46 

•  • 

•  • 

« • 

1-46 

.  1-46  4  1-46 

,            1 

Angost   .     . 

2-88 

2-98 

015 

0-14 

0-03 

.2-83 

.  2-84  .  2-95 

Total  . 

28  88 

81-98 

14-75 

16-87 

15-46 

17-23 

15-11    16-52 

'  Galcnlated  on  the  xainMl  shown  by  the  Tij^th  acre  gauge. 
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RAINFALL,  PEBOOLATION,  AND  EVAPORATION. 


EXPEBIMEMT8  ON  Bainfall  Ain>  Drahtaob  at  Bothambted. 
Monthly  Record  for  each  Harvest-year,  Sept  1  to  Aug.  31. 


Rainfall. 

Drainage  through  Soil 
(nocropped). 

DiflTerenoe,*  approxi- 
mately —  eTaporatioo. 

5-inch 
Fnnnel 
Gaoge. 

T^^th 

Acre 
Gange. 

SO 
Inchee 
Deep. 

40 
Inchee 
1  Deep. 

60 
Inchee 
Deep. 

30 
Inches 
Deep. 

40 
Inches 
Deep. 

60 
Inches 
Deep. 

1876-7. 


Inches.  Inches. 

Inches. 

Inches.   Inches. 

Inches. 

Inches. 

Inciies. 

September    .     .     . 

4-59 

602 

2-30 

2-24     2*04 

2-72 

2-78 

2*98 

October  .     . 

1-37 

1-52 

0-82 

1-10 

0-96 

0-70 

0-42 

0-56 

November    * 

4-00 

4-20 

2-89 

2-99 

2-66 

1-31 

1-21 

1*54 

December 

5-80 

600 

5-21 

5-74 

6-25 

0-79 

0-26 

0*75 

January  .     , 

4-82 

4-99 

3-79 

4-41 

411 

1-20 

0-68 

0-88 

February 

1-98 

2-10 

0-87 

1-19 

1-23 

1-23 

0-91 

0*87 

March     .     . 

2-52 

2-55 

101 

1*25 

1-10 

1-54 

1-30 

1*45 

April.     .     . 

2*68 

2-76 

1-33 

1-61 

1-49 

1-43 

115 

1-27 

May  .     .     , 

2-79 

2-82 

0-44 

0-65 

0-51 

2-38 

2-27 

2*31 

June .     .     . 

1-39 

1-44 

0-03 

009 

0-10 

1-41 

1-35 

1-34 

July  .     .     . 

3-23 

3-28 

0-66 

0-61 

0-44 

2-72 

2-77 

2-84 

August   . 

■     • 

2-66 

2-60 

0-38 

0-39 

0-31 

2-22 

2-21 

2-29 

Total 

37-73 

39-28 

19-63 

22-07  20-20 

19-65 

17-21 

19-08 

1877-8. 


September    .     •     . 

1*63 

1-53 

0-21 

0*26 

0*21 

1-32 

1-27 

1-82 

October  .     , 

1*90 

1-95 

0-58 

0-51 

0*39 

1-37 

1*44 

1-56 

November 

6-15 

5-16 

4-03 

4*20 

3-82 

113 

0-96 

1-84 

December 

2-28 

2-28 

1*74 

1*98 

1*75 

0*54 

0-30 

0*53 

January  .     . 

1-73 

1*75 

1*10 

1-86 

1*20 

0-65 

0-39 

0*55 

February 

1-77 

1-80 

1*01 

1*20 

113 

0*79 

0*60 

0-67 

'  March     .     . 

0-88 

0-98 

0-27 

0-50 

0*46 

0-71 

0-48 

0*52 

April.     .     . 

4*01 

409 

2*35 

2*52 

2*43 

1*74 

1-57 

1-66 

May  .     . 

4-89 

4-97 

1-48 

1*85 

1*50 

3-49 

312 

8*47 

June  •     . 

2-46 

2-51 

0  61 

0*86 

0*76 

1-90 

1-65 

1-75 

July  .     .     . 

0-64 

0*65 

0  01 

0*03 

0*06 

0-64 

0-62 

0-59 

August   .     •     , 

4-87 

4-98 

1-33 

117 

113 

3-65 

3*81 

8*85 

Total 

•     i 

32-11 

32-65 

14*72 

16-44 

14*84 

17-93 

16-21 

17*81 

^  Calculated  on  the  rainfall  shown  by  the  Tij^th  acre  gauge. 


BADnrALLy  PEBOOLATIONy  AND  EVAPORATION. 
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ExFrnanaam  on  Bainfall  ahd  Dbainaob  at  Bothambtid. 
Monthly  Beoord  for  each  Harvest-year,  Sept  1  to  Aug.  81. 


lUInfkU. 

(nncropped;. 

DUTerence,!  approzi- 

S-Inch 
l-iuiiiel 
Qaiige. 

Acre 
Qsoge. 

20           40          60 
Inches    Inches    Inches 
Deep.     Deep.  ,    Deep. 

30 
Inches 
Deep. 

40 
Inches 
Deep. 

60 

Inches 

Deep. 

1878-«. 

Inchee.  -Inches. 

Inches. 

Inches. 

Inches. 

Inches.   Inches. 

Inches. 

September    •    •     • 

1-41 

1-46 

007 

0-12 

0-11 

1-39 

1-34 

1*35 

October  • 

2-99 

2-89 

1-37 

1-39 

1-10 

1-62 

1-60 

1*89 

NoYember 

4-73 

4-55 

3-77 

4-07 

3-66 

0-78 

0-48 

0*89 

December 

1-57 

1-60 

1-11 

1*37 

1-54 

0-49 

0-23 

0-06 

January  • 

2-46 

2-85 

2-47 

2-65 

2-47 

0-38 

0-20 

0-38 

Febmaiy 

3-73 

3*80 

4-44 

4-44 

4-22 

-0-64 

-^-64 

-0-42 

"Mm^Ii     « 

1-09 

1-18 

014 

0-28 

0-26 

104 

0-90 

0-92 

April.     . 

2-61 

2-79 

1-27 

1-51 

1-38 

1-52 

1-28 

1*41 

Hay  «     • 

3-45 

3-48 

1-22 

1-39 

1-30 

2-26 

209 

2*18 

Jnne  •     «     < 

5-49 

5-55 

215 

2-24 

218 

3-40 

3-31 

3-37 

Jnly  •     •     . 

4-17 

4-24 

1-83 

1-97 

1-81 

2-41 

2-27 

2-43 

Angnflt  « 

6-47     6-56 

4-60     4*60 

4-35 

1-96 

1-96     2-21 

Total  < 

40-17  41-05 

24-44  26-03  2438 

16-61 

15-02  16-67 

1871M0. 

September    .     •     .     3*07 

3-13 

1-11 

1-00 

0-92 

2-02 

2*13 

2*21 

October  •     . 

.     .     0-76 

0-82 

0-22     0-42 

0-43 

0-60 

0-40 

0*39  , 

November    < 

0-71 

0-81 

0-20 

012 

0-10 

0*61 

0-69 

0*71 

December    < 

0-78 

0-82 

0-41 

0-49 

0-44 

0-41 

0-33 

1 

0-38 

0-55 

0-55 

0-48  1  0-61 

0-46 

0*07 

-0-06     009 

February 

2-88 

2-90 

2-36  1  2-59 

2-30 

0-54 

0-31     0-60 

1 

Match     .     , 

1*10 

1-13 

0-04     0-09 

0-09 

1-09 

1-04     1-04 

April.     •     « 

.     214 

2-16 

0-49  1  0-53 

0-43 

1-67 

1*63 

1-78 

May  .     .     . 

0-71 

0-74 

..       002 

0-03 

0-74 

0-72 

0-71 

Jnne  •     •     . 

1-94 

1-97 

0-01     001 

0*02 

1-96 

1-96 

1-95 

Jnly  .     .     . 

5-22 

5-26 

1-35  1  1-23 

1-06 

3-91 

4*03 

4-20 

Angnst  •     • 

• 
• 

1-02     1-07 

0-22     0-28 

0-22 

0-85 

0-79     0*85 

Total  . 

4 

20-88  21-36 

6-89     7-39 

1 

6-50 

14*47  !l3-97  14*86 

1            I 

'  Oalonlated  on  the  rainfall  shown  by 
dninage  exceeds  the  rainfall  ^e  difforenco 


the  Tiboth  acre  gauge.     When  tho 
is  entered  as  a  minus  quantity. 
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RAINFALL,  P£BOOLATION,   AMD  EVAPOBAHOIT. 


EXFERDDSNTS  ON  BAimTALL  ANl)  DbAINAOB  AT  BOTEUkMSTllB. 

Monthly  Kecord  for  each  Hairest-year,  Sept.  1  to  Aug.  31. 


BainfalL 

Drainage  through  Soil 
(uucropped). 

Difference,!  approzU 
mately  =  evaponLttoii. 

. 

8-Inch 
Fnnnel 
Gauge. 

5  Inch 
Fnnnel 
Gauge. 

Tl^th 

Acre 
Gauge. 

20            40 
Inches '  Inches 
Deep.  <  Deep. 

60 
Inches 
Deep. 

30 

Inches 

Deep. 

40 
Inches 
Deep. 

60 

Inches 

Deep. 

1880-1. 


*   Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inchee. 

September    . 

.  • 

5-69 

5-86 

3-96 

3-93 

3-78 

1-90. 

1-9S 

2-08 

October  .     . 

•  • 

5-88 

5-94 

4-47 

4-45 

4-07 

1  -  47  , 

1:49 

1-87 

Koyember    . 

•  t 

2-87 

2-92 

2-25 

2-39 

214 

0-.67  . 

0-53 

0-78 

December     . 

.  • 

3-45 

3-47 

2-82 

2-85 

2-68 

0-65  . 

0-62 

0-79 

January  .     . 

1-07 

1-12 

114 

1-01 

1-12 

1-32 

013. 

0:02 

-0-18 

February     -. 

8-35 

3-33 

3-70 

3-43 

3-71 

3-29 

0-27. 

-0-01 

0-41 

March     .     . 

1-99 

2-10 

2-15 

1-66 

1-78 

1-65 

0-49. 

0:37 

0-50 

April.     .     . 

0-92 

0-97 

1-00 

•  • 

0-01 

003 

1-00. 

0:99. 

0-97 

May  •     .     . 

1-28 

1-39 

1-88 

.  • 

0-01 

0-04 

138. 

1:37 

1-84 

June .     .     . 

1-53 

1-62 

1-63 

0-01 

0-02 

0-04 

1-62  . 

1:61. 

1-69 

July  .      .      n 

1-67 

1-73 

1-76 

*  • 

0-01 

0-01 

1-76. 

1-75. 

1-75 

August   .     . 

6-47 

6-70 

5-82 

2-77 

2*56 

2-21 

305 

3:26 

8-61 

Total  .     . 

17-28 

35-85  36-77 

22-38 

22*84 

21-26 

14-39  . 

13-93 

16-51 

1881-8. 


September    . 

2-01 

2-09 

2-17 

0-81 

0-81 

0-70 

1-.36 

1-36 

1-47 

October  •     . 

• 

2-84 

2-93 

3-05 

1-76 

1-73 

1-53 

1-29. 

1-32 

1-62 

November    . 

8*29 

3-45 

3-47 

2-49 

2-50 

2-29 

0-98. 

0-97 

118 

December     . 

4-16 

4-33 

4-38 

3-95 

4-04 

3-65 

0-43. 

0-34 

0-78 

January  .     . 

1-42 

1-55 

1-67 

1-24 

1-88 

1-23 

0-33 

019 

0-34 

February 

1-88 

1-99 

• 

2-02 

1-15 

1-13 

1-01 

0-87, 

0-89 

1-01 

March     .     . 

1-38 

1-48 

1-57 

0-45 

0-58 

0-49 

1-12 

0-99 

1-08 

April.     .     . 

3-71 

3-82 

3-92 

1-87 

1-77 

1-67 

2-05. 

2:15. 

2-35 

May  .     .     . 

1-95 

201 

207 

0-74 

0-85 

0-74 

1-33 

1:22. 

1-88 

June .     .     . 

3-79 

3-90 

3-93 

1-25 

115 

0-99 

2-68. 

2:78. 

2-94 

July  .     .     . 

1-95 

2-05 

209 

0-10 

012 

010 

1  -.99  , 

1:97. 

1-99 

August   .     . 

1-97 

2-06 

2-07 

.  • 

002 

0  02 

2-07  . 

2:05 

2-05 

Total  .     . 

30-35 

31-66 

32-81 

15-81 

16-08 

14-82 

16-50 

16-23 

17-99 

'Calculated  on  the  rainfall  shown   by  the  x^n^^  ^^^^^  gauge.    When  the 
drainage  exceeds  the  rainfall,  the  difference  is  entered  as  a  minus  quantity. 


BAIHTAIX,  PBBOOLAXIOK,  AND  EVAPOBAIION. 
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EZPKRIiaENTB  ON  BaINFALL  AND  DbAINAOB  AT  BOTHAMSTNP. 

Monthly  Beoord  for  each  Harrest-year,  Sept  1  to  Auk.  31. 


Bain&ll. 


8-Inch 
Funnel 
Gange. 


6-Inch 

Fnnnel 

Qaoge. 


Acre 
Gauge. 


Drainage  through  Soil 
(nncropped). 


20 
Inches 
Deep. 


DifTerence.!  approxi- 
mately =  evapuratlou. 


20  40 

Inches   Inchee 

Deep.     Deep. 


60 
InchM 
Deep. 


1882-8. 


Inchfs. 

Inches. 

Inches. 

1 
Inches.   Inches. 

Inches. 

Inches. 

Inches. 

Inches, 

September   . 

215 

2-21 

2-29 

0-71  '  0-57 

0-40 

1-58 

1-72 

1-89 

October  .     . 

6-39 

6-46 

6-52 

5-46     5-55 

5-10 

1-06 

0*97 

1-42 

November    . 

8-24 

3-29 

3-44 

2-49  1  2-65 

2-41 

0-95 

0-79 

1-03 

December    . 

307 

303 

3-28 

300     3-22 

2-98 

0-28 

006 

0-30 

Ja&uary  .     . 

3-19 

3-28 

3-30 

2-89     3-11 

2-81 

0-41 

019 

0-49 

Febmary 

4-18 

4-28 

4-34 

3-76     4-01 

3-70 

0-68 

0  83 

0-64 

March     .     . 

0-75 

0-76 

0-89 

002  '  0-06 

0-09 

0-87 

0-83 

0-80 

April       .     . 

1-40 

1-43 

1-48 

0-28     0-26 

1 

0-22 

1-20 

1-22 

1-26 

May  .     .     . 

1-77 

1-84 

1-89 

0-63 

0-70 

0-62 

1-26 

119 

1-27 

June .     .     . 

210 

2-17 

2-23 

013 

Oil 

0-09 

2-10 

2-12 

2-14 

Jaly  .     .     . 

403 

416 

4-21 

1-44     1-42 

1-25 

2-77 

2-79 

2-96 

August   .     . 

0-71 

0-78 

0-84 

0-01 

0-06 

0-05 

0-83 

0-78 

0-79 

Total.     . 

32-98  33-69 

34-71 

20-82  21-72 

:              1 

19-72 

13-89 

12-99 

14-99 

1888-4. 


September 
October  . 
Norember 
December 
January  • 
Febmary 
March 
April 
May  ..   . 
June  .     . 
July  .     • 
August 

Total 


3-83 
2-38 
3-35 
0-92 
2-51 
1-31 
1-59 
1-69 
0-58 
2-43 
2-34 
1-51 


3-94 
2-48 
3-46 
1-07 
2-55 
1-38 
1-64 
1-74 
0-61 
2-46 
2-40 
1-56 


24-44  ,25-29 


3 
2 
3 
1 
2 
1 
1 
1 
0 
2 
2 
1 


25 


99 
49 
52 
16 
56 
42 
66 
79 
64 
50 
44 
60 


77 


1-63 
1-39 
2-77 
0-79 
1-87 
0-72 
113 
0-24 
004 
1-09 
0-16 
0  03 


1-43 
1-50 
2-71 
0-97 
1-81 
0-92 
1-18 
0-18 
0-09 
1-06 
010 
0  05 


1-32 
1-38 
2-47 
0-95 
1-65 
0-86 
1-10 
0-19 
Oil 
1-04 
0-10 
0-04 


11-86  1200  11-21 


2-36 
1-10 
0-75 
0-37 
0-69 
0-70 
0-53 
1-55 
0-60 
1-41 
2-28 
1-57 


2-56 
0-99 
0-81 
0-19 
0-75 
0-50 
0-48 
1-61 
0-55 
1-44 
2-34 
1-55 


2-67 
111 
1-05 
0-21 
0-91 
0-56 
0-66 
1-60 
0-53 
1-46 
2-84 
1-56 


13-91  ,13-77  14-56 


Calculated  ou  the  rainfall  shown  by  the  xobn^^  ■^'^  gauge. 
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RAINFALL,  PEBOOLATION,  AKB  EYAPOBATIOK. 


EXFEBIUBNTS  GS  BaINTALL  AND  DRAINAGE  AT  B0THAM8TBD. 

Monthly  Becord  for  each  Haryest-year,  Bept  1  to  Aug.  31. 


BAfnfall. 


8-inch 
Funnel 
Gauge. 


5-Inch  I  yi^gth 
Funnel  ;    Acre 
Gauge.  I  Gauge. 


Drainage  through  Soil 
(uncropped). 


20 

Inchee 

Deep. 


40     I      00 

Inches    Inches 

Deep.      Deep. 


Difference  i  approxi- 
mately =  evaporatiun. 


20 

Inches 

Deep. 


40 
Inches 
Deep 


60 

Inches 

Deep. 


1884-5. 


Inches. 

Inchef. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches 

September    . 

205 

211 

218 

1-29 

1-26 

1  11 

0-89 

0-92 

107 

October  .     . 

1-60 

1-64 

1-70 

0-52 

0-47 

0-41 

1-18 

1-23 

1-29 

November    • 

1-86 

1-87 

205 

0-72 

0-69 

0-61 

1-S3 

1-36 

1-44 

December     . 

2-96 

3-06 

306 

3-22 

3-23 

301 

-0-16 

-017 

0-05 

January  .     . 

2-88 

2-94 

2-99 

2-59 

2-60 

2-43 

0-40 

0-39 

0-56 

Febmary 

2-78 

2-84 

2-85 

2  43 

2-60 

2-45 

0*42 

0-25 

0-40 

March     •     . 

1-30 

119 

1-46 

0-63 

0-71 

0-67 

0-83 

0-75 

0-79 

April      .     . 

2-76 

2-81 

2-88 

1-04 

1-05 

0-92 

1-84 

1-83 

1-96 

May  .     .     . 

2-73 

2-82 

2-88 

0-91 

0-98 

0-87 

1-97 

1-90 

2  01 

Jnne  .     .     . 

2-68 

2-71 

2-76 

1-46 

1-52 

1-46 

1-30 

1-24 

1-30 

Jnly  .     •     • 

0-35 

0-35 

0*38 

001 

003 

0-04 

0-37 

0-35 

0-34 

An^^t .     • 

1-52 

1-56 

1-59 

•  • 

•  • 

•  • 

1-59 

1-59 

1-59 

Total  •     . 

25-42 

25-90 

26-78 

14-82  15-14 

13-98 

11-96 

11-64 

12-80 

1885-6. 


September    . 

4-19 

4-31 

4-39 

1-55 

1-42 

1-25 

2-84 

2-97 

3-14 

October     • 

4-64 

4-72 

4-82 

3-41 

3-51 

314 

1-41 

1-31 

1*68 

Noyember    . 

3-65 

3-73 

3-77 

3-41 

3-59 

3  31 

0-36 

018 

0-46 

December     . 

1-19 

1-21 

1-33 

100 

1-04 

0-91 

0-33 

0-29 

0-42 

January    .     . 

2-96 

2-80 

3-44 

3-58 

3-91 

3-92 

-0-14 

-0-47 

^)-48 

February 

0-55 

0-55 

0-61 

0-58 

0-71 

0-60 

0-03 

-0-10 

0-01 

March     .     . 

1-42 

1-44 

1-59 

0-83 

0-93 

0-69 

0-76 

0-66 

0-90 

April       .     . 

1-83 

1-88 

1-96 

0-59 

0-73 

0-58 

1-37 

1-23 

1-38 

May  .     .     . 

4-08 

4-16 

4*24 

2-12 

2-29 

1-93 

212 

105 

2-31 

June  .     •     . 

114 

1-15 

1-23 

0-08 

0-12 

0-10 

115 

111 

113 

July  .     .     . 

2-31 

2-38 

2-42 

0-21 

0-14 

0-11 

2-21 

2-28 

2-31 

August   • 

1-12 

1-13 

1-22 

0-01 

0-02 

003 
16-57 

1-21 

1-20 

1-19 

Total 

29-08 

29-46 

31-02 

17  37 

18-41 

13-65 

12-61 

14*45 

*  Calculated  on  the  rainfall  shown  by 
drainage  exceeds  the  rainfall  the  difference 


the  xiijfh.  acre  gauge.    When  the 
is  enterod  as  a  minus  quantity. 


BAIMrAIiIi,   PEBOOLATIOH,   AND  ETAPORITION. 
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EXFBRIMENTB  ON  BaINFALL  AND  DrAINAGB   AT  BOTHAMSTED. 

Monthly  Record  for  each  Harvest-year,  Sept.  1  to  Aug.  81. 


Rainfkll. 


8-Inch 
Fannel 


S-Inch 
Funnel 
Gauge. 


TnVoth 

Acre 
Oaoge. 


Drainage  throogh  Soil 
(oneroppftd). 


30 
Inches 
Deep. 


40 

Inches 

Deep. 


60 

Inches 

Deep. 


DiffBienoe,*  approxi- 
niately  =  evapovatloD. 


20      I     40 
Inches    Inches 


Inch« 


De<^.  I  Deep*      Deep* 


1886-7. 


Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches. 

Inches* 

Septemher    . 

1-38 

1-48 

1-51 

001 

•• 

001 

1-50 

1-51 

1-50 

October  .     . 

377 

3-91 

3-94 

216 

1-99 

1-74 

1-78 

1-95 

2-20 

November    . 

2-62 

2-71 

2-77 

2-40 

2-62 

2-43 

0-37 

0-15 

0-34 

December     • 

4-12 

417 

4-21 

2-46 

2-58 

2-36 

1-75 

1-63 

1-85 

January  .     . 

2-22 

2-20 

2-39 

2-32 

8*83 

3-78 

0-07 

-1-44 

-1-39 

February 

0-89 

.  0-90 

0-95 

0-48 

0-55 

0-51 

0-47 

0*40 

0  44 

Blarch     .     . 

1-64 

183 

1-76 

0-21 

0-22 

0-18 

1-55 

1*54 

1-58 

April       .     . 

110 

112 

1-19 

013 

0-22 

0-18 

106 

0-97 

101 

Blay  .     .     . 

2-22 

2-25 

2-35 

004 

0-06 

007 

2-31 

2-29 

2-28 

Jnne .     .     . 

0-67 

0  68 

0-71 

0-43 

0-50 

0-45 

0-28 

0-21 

0-26 

Jnly  .     •     • 

0-71 

0-69 

0-79 

•  • 

001 

0  01 

0-79 

0-78 

0-78 

Anguat    . 

0-95 

0-94 

104 

«  • 

•  • 

.  • 

104 

104 

104 

Total 

22-29 

22-63 

23  61 

10-64 

12*58 

11-72 

12-97 

11-03 

11-89 

1887-^. 


September    • 

2-99 

302 

3-11 

0-36 

0-26 

0-19 

2-75 

2-85 

2-92 

October  .     • 

1-57 

1-57 

1-69 

0-35 

0-26 

0-20 

1-34 

1-43 

1*49 

November    • 

3-27 

3*34 

3-41 

2-70 

2-82 

2-65 

0-71 

0-59 

0-76 

December 

1-54 

1-53 

1-66 

1-19 

1-31 

1-23 

0-47 

0-35 

0-48 

January  .     • 

0-80 

0-81 

0-94 

0-46 

0-56 

0-50 

0-48 

0-38 

0-44 

February 

0-97 

0-88 

1-03 

0-27 

0-43 

0-45 

0-76 

0-60 

0-58 

March     .     . 

2-97 

2-98 

3-13 

3-16 

4-05 

3-99 

-0-03 

-0-92 

-0-86 

April       .     • 

203 

2-02 

2-14 

0-76 

0-93 

0-88 

1-38 

1-21 

1-26 

May  .     .     . 

1-21 

1-23 

1-28 

007 

009 

009 

1-21 

M9 

1-19 

June  .     .     . 

4-74 

4-75 

4-87 

2-38 

2-49 

2-40 

2  49 

2-38 

2-47 

July  .     .     . 

3-59 

3-75 

3-86 

0-76 

0-83 

0-68 

3-10 

3-03 

3-18 

August    .     . 

3-14 

3  23 

3-38 

1-50 

1-55 

1-41 

1-88 

1-83 

1-97 

Total 

28-82 

29-11 

30-50 

13-96 

15-58 

14-67 

16-54 

14-92 

15-88 

*  Calculated  on  the  rainfall  shown  by  tho  y,^th  acre  gauge.    When  the  drainage 
exceeds  the  rainfall  tho  difference  is  entered  as  a  minus  quantity. 
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ExPBBDfBNTS  ON  BaINFALL  AND  DrAINAGB  AT  BOTHAHBTED. 

Monthly  Becord  for  oaoh  Harveat-year,  Sept  1  to  Aug.  31. 


Raln&lL 

Drainage  through  soil 
(uncropped). 

Difference,!  approxi- 
mately =  evaporatkMu 

s-Inch 
Fininel 
Gauge. 

6.1nch 
Funnel 
Gauge. 

Tiftrrtb 
Acn* 
Gauge. 

20 

Inches 
Deep. 

40 

Inches 
Deep. 

60 

Inches 
Deep. 

SO 

Inches 

Deep. 

40 
Inches 
Deep. 

60 
Inchra 
DcepL 

1888-8. 

Indies. 

Inches.  '  Inches. 

1 

Inches. 

Inches. 

Inches. 

Inches. 

1 
Inches.  1  Inches. 

September    . 

0-86 

0-87 

1-03 

008 

012 

0  09 

0-95 

0-91      0-94 

October  .     . 

0  96 

0-98 

109 

007 

0-03 

0-02 

102 

106     107 

November    . 

4*84 

4-37 

4-45 

3  51 

3-51 

3-29 

0-94 

0-94 

116 

December     . 

1-57 

1-61 

1-69 

1-51 

1-60 

1-54 

0-18 

009 

015 

January  .     . 

116 

119 

1-29 

0-82 

1-06 

0-82 

0-47 

0-23 

0-47 

February 

1-82 

1-80     1  95 

1  53 

1-74 

1-61 

0-42 

0-21 

034 

March     .     . 

1  77 

1-80  1  1-89 

0  83 

0-85 

0-82 

106 

1-Oi 

1-07 

April       .     . 

2-36 

2-39     2-47 

0-35 

0-42 

0-35 

212 

2-05     212 

May  .     •     . 

4-85 

4-90     5-00 

3-06 

3-32 

2-85 

1-94 

1-68     2-15 

June  .     .     . 

1-28 

1-21     1-38 

0-41 

0-53 

0-47 

0-97 

-0-85     0-91 

July  .     .     . 

5-58 

6-69  !  5-67 

2-43 

2-58 

2-42 

3-24 

3-09     3-25 

August   .     . 

2-02 

2-08 
28-79 

2-18 

0-04 

006 

0  05 

2-14 

2-12     213 

Total      . 

28-57 

30-09 

14-64 

15-82 

14-33 

15-45   14-27   16  76 

1 

1889-90. 

September    . 

2'81 

2-36 

2-44 

0-77 

0-73 

0-63 

1-67 

1-71 

1-81 

October  .     . 

8-51 

3-67 

3-62 

2-45 

2-47 

2-28 

1-17     1-15 

1-34 

November     . 

112 

1-14 

1-21 

0-93 

0-98 

0-91 

0-28     0-23 

0-30 

December     . 

1-36 

1-40 

1-46 

1-29 

1-46 

1-34 

017 

■  ■ 

0-12 

January  .     . 

2-86 

2-94 

2-94 

2-42 

2-62 

2-52 

0-52 

0-32 

0*42 

February 

0-74 

0-75 

0-82 

0-48 

0-60 

0-54 

0-34 

0-22 

0-28 

March     .     . 

2  71 

2-75 

2-78 

1-71 

1-83 

1-69 

107 

0-95 

1-09 

April       .     . 

1-23     1-22 

1-31 

0-01 

0-06 

006 

1-30 

1-25 

1-25 

May  .     .     . 

1-34     1-34 

1 

1-38 

0-12     0  10 

0-10 

1-26 

1-28 

1-28 

Juno  .     •     . 

2-33 

2  36 

2-40 

0-06     0-03 

004 

2-34 

2  37 

2-36 

July  .     .     . 

4  41 

4-49 

4-56 

2-76 

2-61 

2-54 

1-80 

1-95 

2*02 

August   .     . 

2  38 

26-30 

1 

2-42     2-51 

0-16 

0-11 

0-09 

2-35 

2-40 

2-42 

Total       . 

26-73  27-43 

1 

1316  'l3-60  !l2-74 

1            1 

14-27 

13-83 

14-69 

»  Cul« 

;ulatcd 

on  the 

niinful] 

[  shown 

by  the 

TMjthfl 

Lcrogui 

igo. 
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KoTfe  BY  Db.  OiLSBBT. — Those  Tables,  of  which  the  fint  four  were  placed  on  the 
wall  dnring  the  diflcuasion,  contain  the  results  of  the  experiments  on  Bainfall  and 
Ihainage  at  Bothamsted  for  twenty  harvest-years  (September  1  to  August  81), 
1870-Zl  to  1889-90  inclusive.  The  rainfall  is  given  as  registered  both  by  a  5-indi 
funnel-gauge,  and  by  a  specially  made  gauge  of  ninth  of  an  acre  aiea ;  also  by  an 
8-ineh  gauge  since  the  beginning  of  1881.  The  drainage,  or  percolation  results, 
tepreaent  the  amounts  of  the  rainfall  passing  through  rather  heavy  uncropped  soil, 
as  shown  by  throe  **  drain-gauges,"  each  of  jjtgth  of  an  acre  area,  one  with  20  inches, 
one  with  40  inches,  and  one  with  60  inches  depth  of  soil,  in  its  natural  state  of 
consolidation.  Table  A  shows,  for  each  of  the  twenty  harvest-years,  the  total 
amount  in  inches,  of  rainfall  by  each  gauge,  of  drainage  or  percolation,  through 
20  inches,  40  inches,  and  60  inches  of  soil,  and  the  difference  approximately 
representing  the  evaporation.  The  evaporation  was  in  all  cases  calculated  on  the 
rainfall  shown  by  the  jifjffh  of  an  acre  gauge.  Table  B  shows,  for  each  of  the  twelve 
months  of  the  harvest-year,  the  average  rainfall,  drainage,  and  evaporation  over 
the  twenty  years.  Tables  G  and  D  are  general  summaries  of  the  average 
results  for  the  first  ten,  the  second  ten,  and  the  total  period  of  twenty  years. 
The  succeeding  twenty  Tables  give,  respectively,  for  each  of  the  twenty 
harvest-years,  the  rainfall,  drainage,  and  evaporation,  for  each  month,  and  the 
total  for  the  year.  It  should  be  explained  that  the  funnel  portion  of  the  Tihtth 
of  an  acre  rain-gauge  is  constructed  of  wood,  lined  with  lead,  the  upper  edge 
consisting  of  a  vertical  rim  of  plate-glass  bevelled  outwards.  The  rain  is  con- 
ducted by  a  tube  into  a  galvanized  iron  cylinder  underneath,  and  when  this  is 
fatk  it  overflows  into  a  second  cylinder,  and  so  on  into  a  third  and  fourth,  and 
finally  into  an  iron  tank.  Each  of  the  four  cylinders  holds  rain  corresponding 
to  J  an  inch  of  depth,  and  the  tank  an  amount  equal  to  2  inches.  Each 
cylinder  has  a  gauge-tube  attached,  graduated  to  read  to  0*002  inch,  but  which 
can  be  read  to  0*001  inch.  Small  quantities  are  transferred  to  a  smaller 
cylinder,  with  a  gauge-tube  graduated  to  0*001  inch.  The  three  drain- 
gauges  were  constructed  by  digging  a  deep  trench  along  the  front,  gradually 
undermining  at  the  depth  required,  and  putting  in  plates  of  cast-iron,  with 
perforated  holes,  to  support  the  mass.  The  iron  plates  were  kept  in  place  by  iron 
girders,  and  the  ends  of  the  plates  and  of  the  girders  supported  by  brickwork  at 
the  back  and  the  two  sides.  Trenches  were  then  dug  round  the  block  of  soil, 
bit  by  bit,  and  it  was  gradually  enclosed  by  walls  of  brick  laid  in  cement 
Below  the  perforated  iron  bottom  a  zinc  funnel  of  the  same  area  as  the  block 
of  soil  was  finally  fixed,  and  the  drainage  water  was  collected  and  measured  in 
galvanized  iron  cylinders,  with  gauge-tubes,  as  in  the  case  of  the  rain.  These 
soil  drain-gauges  being  kept  without  vegetation,  their  results  are  not  directly 
applicable  for  estimating  the  amount  of  percolation  over  a  drainage-area  more 
or  less  covered  with  vegetation,  and  it  had  been  suggested  that  they  should 
be  so  covered.  But  this  would  sacrifice  important  results ;  and  as  the  amount  of 
evaporation  is  very  different  with  different  kinds  of  vegetation,  the  results  with 
only  three  drain-gauges,  and  these  with  one  description  of  soil,  and  of  varying 
depth,  would  also  be  inapplicable  for  the  purpose  of  directly  estimating  the  per- 
colation of  a  district.  In  1874  a  series  of  eighteen  drain-gauges  was  arranged 
for  the  investigation  of  the  infiuence  of  various  crops,  but  unfortunately  the 
specially  made  glazed  stoneware  cylinders,  24  inches  diameter  and  60  inches 
deep,  were  found  not  to  be  watertight,  and  hence  the  attempt  was  abandoned. 
About  forty  years  ago,  however,  experiments  of  quite  another  kind  wore  made  at 
Hotbumsted  for  several  years  in  succession,  to  detormino  the  amount  of  water 
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given  off  by  plants  during  their  growth,  those  selected  including  yarioas  indivi- 
dual  agrioultnnil  plants,  the  mixed  herbage  of  grass-land,  and  also  eveigreen  and 
deoidnous  trees.  The  results  afforded  yalnable  data  upon  which  to  form  a  judg^ 
ment  as  to  the  probable  amounts  of  eyapontion  due  to  yegeiation ;  and  the 
indications  so  obtained,  together  with  those  of  direct  percolation  experiments 
with  and  without  vegetation,  constitute  the  only  evidence  of  a  purely  experi- 
mental kind  at  present  available,  as  the  basis  of  general  estimates.  It  is,  however, 
obviously  desirable  that  estimates  so  -founded  should  be  studied  in  connection 
with  those  arrived  at  in  other  ways,  such  as  by  the  gaugings  of  rivers  and  of 
wells. 
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RESDLTS  OF  EXPERIMENTS  AT  R0THAM8TED 


ON    THE 


(jDESTION  OF  THE  HXATIOS  OF  FREE  NITROGEN.' 


T7ROM  the  results  of  the  experiments  of  Boussingault, 
^  and  also  of  those  made  at  Rothamsted  under  con- 
ditions of  sterilization  and  inclosure  more  than  thirty 
years  ago,  Sir  J.  B.  Lawes  and  the  author  had  always 
concluded  that  at  any  rate  our  agricultural  plants  did  not 
assimilate  free  nitrogen.  They  had  also  abundant  evidence 
that  the  Papilionacese,  as  well  as  other  plants,  derived 
much  nitrogen  from  the  combined  nitrogen  in  the  soil 
and  sub-soil.  Still,  they  had  long  recognized  that  the 
source  of  the  whole  of  the  nitrogen  of  the  Papilionaceae 
was  not  explained ;  that  there  was,  in  fact,  "  a  missing 
link^^X  They  were,  therefore,  prepared  to  recognize  the 
importance  of  the  results  first  announced  by  Prof.  Hell- 
riegel  in  1886 ;  and  they  had  hoped  to  commence  experi- 
ments on  the  subject  in  1887,  but  they  had  not  been  able 
to  do  so  until  1888.  Those  first  results  showed  a  con- 
siderable formation  of  nodules  on  the  roots,  and  coin- 
cidently  great  gain  of  nitrogen,  in  plants  grown  in  sand 
(with  the  plant-ash)  when  it  was  microbe-seeded  by  a 
turbid  watery  extract  of  a  rich  soil. 

In  1889  and  since,  they  had  made  a  more  extended 
series.     The  plants  were  grown  in  pots  in  a  glass-house- 

'  Abstract  of  a  paper  read  before  the  Agricultural  Chemistry  Section  of 
the  Naturforscher  Versammlung  at  Halle  a.S.,  by  Dr.  J.  H.  Gilb-rt, 
F.R.S.,  September  34.  1891. 
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There  were  four  pots  of  each  description  of  plant,  one 
with  sterilized  sand  and  the  plant-ash,  two  with  the  same 
sand  and  ash,  but  microbe-seeded  with  watery  extract, 
for  some  plants  from  a  rich  garden  soil,  for  lupins  from  a 
sandy  soil  in  which  lupins  were  growing  luxuriantly,  and 
for  some  other  plants  from  soil  where  the  particular  plant 
was  growing.  In  all,  in  1889  and  subsequently,  they  had 
grown  in  this  way  four  descriptions  of  annual  plants 
— namely,  peas,  beans,  vetches,  and  yellow  lupins ;  and 
four  descriptions  of  longer  life — namely,  white  clover, 
red  clover,  sainfoin,  and  lucerne.  Enlarged  photographs 
of  the  above  ground-growth,  and  of  the  roots,  of  the  peas, 
the  vetches,  and  the  lupins,  so  grown,  were  exhibited. 
Without  microbe-seeding  there  was  neither  nodule- 
formation  nor  any  gain  of  nitrogen ;  but  with  microbe- 
seeding  there  was  nodule-formation,  and,  coincidently, 
considerable  gain  of  nitrogen. 

As,  however,  in  this  exact  quantitative  series,  the 
plants  were  not  taken  up  until  they  were  nearly  ripe,  it 
was  obvious  that  the  roots  and  their  nodules  could  not 
be  examined  during  growth,  but  only  at  the  conclusion, 
when  it  was  to  be  supposed  that  the  contents  of  the 
nodules  would  be  to  a  great  extent  exhausted.  Another 
series  was,  therefore,  undertaken,  in  which  the  same  four 
annuals,  and  the  same  four  plants  of  longer  life,  were 
grown  in  specially  made  pits,  so  arranged  that  some  of 
the  plants  of  each  description  could  be  taken  up,  and 
their  roots  and  nodules  studied,  at  successive  periods  of 
growth  :  the  annuals  at  three  periods — namely,  first  when 
active  vegetation  was  well  established,  secondly  when  it 
was  supposed  that  the  point  of  maximum  accumulation 
had  been  approximately  reached,  and  thirdly  when  nearly 
ripe ;  and  the  plants  of  longer  life  at  four  periods — 
namely,  at  the  end  of  the  first  year,  and  in  the  second 
year  when  active  vegetation  was  re-established,  when  the 
point  of  maximum  accumulation  had  been  reached,  and 
lastly  when  the  seed  was  nearly  ripe.  Each  of  the  eight 
descriptions  of  plant  was  grown  in  sand  (with  the  plant- 
ash),  watered  with  the  extract  from  a  rich  soil ;  also  in  a 
mixture  of  two  parts  rich  garden  soil  and  one  part  of 
sand.  In  the  sand  the  infection  was  comparatively  local 
and  limited,  but  some  of  the  nodules  developed  to  a  great 
size  on  the  roots  of  the  weak  plants  so  grown.  In  the 
rich  soil  the  infection  was  much  more  general  over  the 
whole  area  of  the  roots,  the  nodules  were  much  more 
numerous,  but  generally  very  much  smaller.    Eventually 
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the  nodules  were  picked  off  the  roots,  counted,  weighed, 
and  the  dry  substance  and  the  nitrogen  in  them  deter- 
mined. 

Taking  the  peas  as  typical  of  the  annuals,  and  the 
sainfoin  of  the  plants  of  longer  life,  the  general  result 
was,  that  at  the  third  period  of  growth  of  the  peas  in 
sand  the  amount  of  dry  matter  of  the  nodules  was  very 
much  diminished,  the  percentage  of  nitrogen  in  the  dry 
matter  was  very  much  reduced,  and  the  actual  quantity 
of  nitrogen  remaining  in  the  total  nodules  was  also  very 
much  reduced.     In  fact  the  nitrogen  of  the  nodules  was 
almost  exhausted.    The  peas  grown  in  rich  soil,  however, 
maintained  much  more  vegetative  activity  at  the  con- 
clusion, and  showed  a  very  great  increase  in  the  number 
of  nodules  from  the  first  to  the  third  period  ;  and  with 
this  there  was  also  much  more  dry  substance,  and  even 
a  greater  actual  quantity  of  nitrogen,  in  the  total  nodules 
at  the  conclusion.     Still,  as  in  the  peas  grown  in  sand, 
the  percentage  of  nitrogen  in  the  dry  substance  of  the 
nodules  was  very  much  reduced  at  the  conclusion.     In 
the  case  of  the  plant  of  longer  life,  the  sainfoin,  there  was, 
both  in  sand  and  in  soil,  very  great  increase  in  the  num- 
ber of  nodules,  and  in  the  actual  amount  of  dry  substance 
and  of  nitrogen  in  them,  as  the  growth  progressed.     The 
percentage  of  nitrogen  in  the  dry  substance  of  the  nodules 
also  showed,  even  in  the  sand,  comparatively  little  reduc- 
tion, and  in  soil  even   an  increase.     In  fact,  separate 
analyses  of  nodules  of  different  character,  or  in  different 
conditions,  showed  that  whilst  some  were  more  or  less 
exhausted  and  contained  a  less  percentage  of  nitrogen, 
others  contained  a  high  percentage,  and  were  doubtless 
new  and  active.    Thus,  the  results  pointed  to  the  inter- 
esting conclusion,  that,  in  the  case  of  the  annual,  when 
the  seed  is  formed,  and  the  plant  more  or  less  exhausted, 
both  the  actual  amount  of  nitrogen  in  the  nodules,  and  its 
percentage  in  the  dry  substance,  are  greatly  reduced,  but 
that,    with  the  plant  of  longer  life,  although  the  earlier 
formed  nodules  become  exhausted,  others  are  constantly 
produced,  thus  providing  for  future  growth. 

As  to  the  explanation  of  the  fixation  of  free  nitrogen, 
the  facts  at  command  did  not  favour  the  conclusion  that 
under  the  influence  of  the  symbiosis  the  higher  plant 
itself  was  enabled  to  fix  the  free  nitrogen  of  the  air  by 
its  leaves.  Nor  did  the  evidence  point  to  the  conclusion 
that  the  nodule-bacteria  became  distributed  through  the 
soil  and  there  fixed  free  nitrogen,  the  compounds   of 
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nitrogen  so  produced  being  taken  up  by  the  higher 
plant.  It  seemed  more  consistent,  both  with  experimental 
results  and  with  general  ideas,  to  suppose  that  the  nodule- 
bacteria  fixed  free  nitrogen  within  the  plant,  and  that  the 
higher  plant  absorbed  the  nitrogenous  compounds  pro- 
duced. In  other  words,  there  was  no  evidence  that  the 
chlorophyllous  plant  itself  fixed  free  nitrogen,  or  that  the 
fixation  takes  place  within  the  soil,  but  it  was  more  prob- 
able that  the  lower  organisms  fix  the  free  nitrogen.  If 
this  should  eventually  be  established,  we  have  to  re- 
cognire  a  new  power  of  living  organisms — that  of  as- 
similating an  elementary  substance.  But  this  would  only 
be  an  extension  of  the  fact  that  lower  organisms  are 
capable  of  performing  assimilation- work  whidh  the 
higher  cannot  accomplish  ;  whilst  it  would  be  a  further 
instance  of  lower  organisms  serving  the  higher.  Finally, 
it  may  here  be  observed  that  Loewhas  suggested  that  the 
vegetable  cell,  with  its  active  protoplasm,  if  in  an  alkaline 
condition,  might  fix  free  nitrogen,  with  the  formation  of 
ammonium  nitrite.  Without  passing  any  judgment  on 
this  point,  it  may  be  stated  that  it  has  frequently  been 
found  at  Rothamsted  that  the  contents  of  the  nodules 
have  a  weak  alkaline  reaction  when  in  apparently  an 
active  condition — that  is,  whilst  still  flesh-red  and 
glistening. 

As  to  the  importance  of  the  fixation  for  agriculture, 
and  for  vegetation  generally,  there  is  also  much  yet  to 
learn.  It  is  obvious  that  different  Papilionaceae  growing 
under  the  same  external  conditions  manifest  very  dif- 
ferent susceptibility  to,  or  power  to  take  advantage  of,  the 
symbiosis.  The  fact,  as  shown  by  Prof.  Nobbe,  that 
Papilionaceous  shrubs  and  trees,  as  well  as  herbaceous 
plants,  are  susceptible  to  the  symbiosis,  and  under  its  in- 
fluence may  gain  much  nitrogen,  is  of  interest  from  a 
scientific  point  of  view  as  serving  to  explain  the  source  of 
some  of  the  combined  nitrogen  accumulated  through  ages 
on  the  surface  of  the  globe  ;  and  also  from  a  practical 
point  of  view,  since,  especially  in  tropical  countries,  such 
plants  yield  many  important  food  materials,  as  well  as 
other  industrial  products. 

In  conclusion,  it  will  be  seen  that  the  experimental 
results  which  have  been  brought  forward  constitute  only 
a  small  proportion  of  those  already  obtained  or  yet  to  be 
obtained  at  Rothamsted,  but  they  have  been  selected  as 
being  to  a  great  extent  typical,  and  illustrative  of  the 
lines  of  investigation  which  are  being  carried  out 
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Introduction. 

It  happens  that  the  agricultural  plants  belonging  to  the  great 
family  of  the  Legurrdnosce  are  all  included  within  the  sub- 
order PapUionacece,  But^  as  the  terms  Leguminosce  and  legumin* 
om  are  better  known  in  agricultural  discussions,  they  will  be 
adopted  throughout  this  article.  It  will  be  seen  farther  on, 
however,  that  the  limitation  which  the  use  of  the  terms  PopiJto- 
nofiece  VLnd  papilionaceovs  would  imply,  may  possibly  in  the  course 
of  future  investigation  prove  to  be  more  appropriate,  especially 
when  the  subject  of  the  sources  of  the  nitrogen  of  the  plants 
of  the  different  sub-divisions  is  in  question  (see  p.  83). 

There  can  be  no  doubt,  that  both  the  scientific  interest,  and 
the  practical  value,  of  our  leguminous  crops,  depend  very  mucb 
on  the  amount  of  nitrogen  which  they  contain,  and  on  the 
sources  of  their  nitrogen ;  and  especially  on  the  great  differences 
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in  these  respects  between  them  and  the  representatives  of  the 
other  families  of  plants  with  which  they  are  grown,' either  in 
alternation  in  our  rotations,  or  in  association  in  our  meadows 
and  pastures. 

It  is  well  known  that,  under  the  conditions  in  which  crops 
are  grown  in  ordinary  agriculture,  nitrogenous  manures  have 
very  direct  effects  in  increasing  the  produce  of  wheat,  of  barley, 
and  of  oats,  of  turnips,  of  mangel,  and  of  potatoes.  This  is  the 
case,  notwithstanding  that  in  the  cereals  the  increased  produce 
consists  characteristically  of  the  non-nitrogenous  substances 
starch  and  cellulose ;  in  the  root-crops  of  the  non-nitrogenons 
substance  sugar;  and  in  potatoes  of  the  non-nitrogenous  substance 
starch.  Leguminous  crops  ^  on  the  other  hand,  not  only  as  a 
rule  accumulate  much  more  nitrogen  over  a  given  area  of  land 
under  equal  soil  conditions,  and  contain  a  higher  percentage  of 
nitrogen  in  their  dry  substance,  than  the  crops  above  enumerated, 
but  there  is  abundant  evidence  that  they  also  derive  much 
nitrogen  from  the  combined  nitrogen  of  the  soil  and  subsoil,  and 
further  that  they  probably  take  up  much  as  nitric  acid ;  yet,  it 
is  generally  recognised  in  practical  agriculture,  that  direct  nitro- 
genous manures  have  comparatively  little  effect  in  increasing  the 
produce  of  such  crops. 

The  influence  of  nitrogenous  manures  in  increasing  the  pro- 
duction of  the  non-nitrogenous  constituents  of  our  crops  is  very 
strikingly  illustrated  by  the  results  given  in  Table  I.  (p.  5). 

The  calculations  are  based  on  the  average  produce  obtained 
in  the  experiments  at  Rothamsted  by  the  different  manures — of 
wheat  over  twenty  years,  of  barley  over  twenty  years,  of  sugar- 
beet  over  three  years,  of  mangel-wurzel  over  eight  years,  of 
potatoes  over  ten  years,  and  of  beans  over  eight  years. 

As  will  be  seen,  the  Table  shows — the  estimated  amounts 
of  carbon,  per  acre  per  annum,  in  the  total  produce  (grain  and 
straw)  of  wheat,  and  of  barley,  in  the  roots  of  sugar-beet  and  of 
mangel-wurzel,  in  the  tubers  of  potatoes,  and  in  the  total  produce 
(corn  and  straw)  of  beans,  when  each  is  grown  by  a  complex 
mineral  manure  without  nitrogen,  and  also  when  grown  with  the 
same  mineral  manure  with  nitrogenous  manures  in  addition. 
Next  is  shown  the  estimated  gain  of  carbon,  that  is,  the  increased 
amount  of  it  accumulated  in  the  crop  under  the  influence  of  the 
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Table  I. — Eatimatei  cf  the  Yield  and  Gain  of  Carbon,  and  of  the  Inoreoied 
Produce  of  Carbohydrates,  ^^^r  acre  per  annum,  in  varioue  Crops, 


Carbon 


Aotoal 


Gain 


Oarbohydrates 


Gain 


For  1  lb. 

nitrogen 

inmannre 


Wheat  twenty  years,  1852-71. 


Mineral  maanie 

„  „      and  43  lb.  nitrogen  as 

ammonia 

Mineral  manure  and  86  lb.  nitrogen  as 

ammonia 

Mineral  manure  and  86  lb.  nitrogen  as 

nitrate 


lb. 

28-8 
29-7 
365 


Barley  twenty  years,  1852-71. 


Mineral  manure 
ammonia  . 


and  43  lb.  nitrogen  as 


46-3 


Suyar-beet  three  years,  1871-73. 


Mineral  manure  .        ,        .        .        . 
„  „      and  86  lb.  nitrogen  as 


1,123 

\  2,600 

Mineral  manure  and  86  lb.  nitrogen  as  1 1   »  aoi 
nitrate      ....  J|  3,031 


ammonia 


1,477 
1,908 


3,188 
4,063 


Mangel-wurzel  eight  years,  1870-83. 


Mineral  manure 


759         — 


,,      and  86  lb.  nitrogen  as  l,ggg  ;  ^  ,3^ 

ammonia J 

Mineral  manure  and  86  lb.  nitrogen  as  )  „  loo  1  q-a 

nitrate /  "^'^"^  ^''*'" 


2,376 
2,771 


371 

471 


27-6 
322 


Potatoes  ten  years,  1876-85. 


Mineral  manure 1,021 

„  „      and  86  lb.  nitrogen  as  ,  ^  .,  -«« 


o«r«,.T,,a  1  1.783  762 

ammonia  .  .  .    /     ' 

Mineral  manure  and  86  lb.  nitrogen  as    1  1  -ko  •  701 

nitrate 1/  ^*^^^  1  '^^ 


1,507 
1,416 


17-5 
16-5 


Beans  eight  years,  1862  and  1864-70 


Mineral  manure 

„            „      and  86  lb.  nitrogen  as 
nitrate 


726 
\\     992 


266 


474 
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nitrogenous  manures.  The  estimated  increased  production  of 
total  carbohydrates,  under  the  influence  of  the  nitrogenous 
manures,  is  then  given  ;  and  lastly,  the  estimated  gain  of  carbo- 
hydrates for  1  lb.  of  nitrogen  supplied  in  manure.  Such  estimates 
can  obviously  be  only  approximations  to  the  truth  ;  but,  accepted 
as  such,  they  are  of  interest  and  of  use,  as  conveying  some 
definite  impression  of  the  influence  of  nitrogenous  manures  on 
carbon-assimilation,  and  on  carbohydrate-formation.^ 

It  is  seen  that,  independently  of  the  underground  growth, 
the  wheat  was  estimated  to  assimilate  988  lb.  of  carbon  per  acre 
per  annum,  under  the  influence  of  a  complex  mineral  manure 
alone  ;  and  that  the  amount  was  increased  to  1 ,590  lb.  by  the 
addition  of  43  lb.  of  nitrogen  as  ammonium*salts,  to  2,222  lb. 
by  86  lb.  of  nitrogen  as  ammonium-salts,  and  to  2,500  lb.  by 
86  lb.  of  nitrogen  as  sodium-nitrate.  Accordingly,  as  shown  in 
the  second  column,  the  increased  assimilation  of  carbon  was,  by 
43  lb.  of  nitrogen  as  ammonium-salts  602  lb.,  by  86  lb.  as 
ammonium-salts  1,234  lb.,  and  by  86  lb.  as  sodium-nitrate 
1,512  1b. 

Beckoned  in  the  same  way,  the  increased  assimilation  of 
carbon  in  the  barley  was,  for  43  lb.  of  nitrogen  as  ammonium- 
salts,  950  lb.  per  acre  ;  that  is,  one-and-a-half  time  as  much  as 
by  the  same  application  in  the  case  of  wheat. 

In  the  sugar-beet  the  increased  assimilation  of  carbon,  and 
accumulation  of  it  in  the  roots,  was  1,477  lb.  per  acre  by  the 
application  of  86  lb.  of  nitrogen  as  ammonium-salts,  and  1,908  lb. 
by  86  lb.  of  nitrogen  as  sodium- nitrate.  There  was,  therefore, 
more  increased  assimilation  of  carbon  and  accumulation  of  it  in 
the  roots  of  the  sugar-beet,  than  in  the  grain  and  the  straw  of 
wheat,  by  the  same  applications  of  nitrogenous  manure. 

In  the  mangel-wurzel  the  increased  accumulation  of  carbon 
in  the  roots  was  1,130  lb.  by  86  lb.  of  nitrogen  as  ammonium-salts, 
and  1,370  lb.  by  86  lb.  as  nitrate ;  that  is,  less  than  in  the  removed 
crops  (com  and  straw)  of  wheat,  and  considerably  less  than  in 
the  removed  crops  (the  roots)  of  sugar-beet. 

In  the  potatoes,  reckoned  on  the  increased  production  of 
tubers  only  (the  tops  being  left  on  the  land),  the  increased  yield 
of  carbon  by  86  lb.  of  nitrogen  as  ammonium-salts  was  762  lb. 

>  The  mode  of  calculating  the  amounts  of  carbon  and  of  carbohydrates  is 
as  foUows : — From  the  amount  of  dry  substance  in  the  crops  the  amounts  of 
mineral  matter  and  of  nitrogenous  substance  are  deducted,  and  the  remainder 
represents  approximately  the  amount  of  carbohydrates.  The  amount  of  car- 
bon in  the  nitrogenous  substance  is  calculated ;  and  then  that  in  the  carbo- 
hydrates, on  the  assumption  that,  in  the  wheat,  barley,  and  beans,  starch  and 
cellulose  are  the  main  products ;  in  the  sugar-beet  and  mangel- wux«el»  cane- 
sugar,  pectine,  and  cellulose ;  and  in  the  potatoes,  starch  and  cellulose. 
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per  acre,  and  by  86  lb.  as  Bodium-nitrate  731  lb.  That  is  to 
say,  there  was  considerably  less  increased  production  of  starch 
in  potatoes  than  of  sugar  in  sugar-beet  or  mangel-wurzel,  by 
the  same  applications  of  nitrogenous  manure. 

Lastly,  in  the  leguminous  crop — beans,  with  its  high  yield 
of  nitrogen  per  acre,  and  the  high  percentage  of  nitrogen  in  its 
dry  substance — the  increased  assimilation  of  carbon  under  the 
influence  of  nitrogenous  manure  was,  comparatively,  quite  insig- 
nificant. Thus,  there  was,  by  the  application  of  86  lb.  of 
nitrogen  as  sodium-nitrate,  an  increased  assimilation  of  carbon 
of  only  266  lb.  per  acre;  or  little  more  than  one-sixth  as  much 
as  in  wheat,  and  little  more  than  one-eighth  as  much  as  in  sugar- 
beet,  by  the  same  application. 

Turning  to  the  figures  in  the  third  column  of  the  Table  on 
page  5,  it  is  seen  that  there  was  a  very  greatly  increased 
production  of  the  non-nitrogenous  bodies— the  carbohydrates— 
by  the  use  of  nitrogenous  manures. 

Thus,  by  the  use  of  43  lb.  of  nitrogen  as  ammonium-salts, 
there  was  an  estimated  increase  of  1,240  lb.  of  carbohydrates  in 
the  grain  and  straw  of  wheat,  and  of  1,992  lb.  in  those  of 
barley.  By  the  application  of  86  lb.  of  nitrogen  as  ammonium- 
salts,  there  was  an  increased  formation  of  2,550  lb.  of  carbo- 
hydrates in  wheat,  of  3,188  lb.  in  sugar-beet,  of  2,376  lb.  in  man- 
gel-wurzel, and  of  only  1,5071b.  in  potatoes;  and  when  861b. 
were  applied  as  sodium-nitrate,  there  was  an  increased  produc- 
tion of  3,140  lb.  in  wheat,  of  4,052  lb.  in  sugar-beet,  of  2,771  lb. 
in  mangel-wurzel,  and  of  only  1,4161b.  in  potatoes;  whilst, 
compart  with  these  amounts,  there  was  in  beans,  by  the  same 
application,  an  increase  of  only  474  lb.  of  carbohydrates. 

The  last  column  shows  the  estimated  increased  amounts  of 
carbohydrates  produced,  for  1  lb.  of  nitrogen  supplied  in  manure, 
in  the  difierent  cases.  Thus,  when  43  lb.  of  nitrogen  were  applied 
as  ammonium-salts,  1  lb.  of  nitrogen  in  manure  gave  an  in- 
creased production  of  28*8  lb.  of  carbohydrates  in  the  grain  and 
straw  of  wheat,  and  of  46*3  lb.  in  those  of  barley ;  when  86  lb. 
were  applied  as  ammonium-salts,  1  lb.  gave  an  increase  of  29*7  lb. 
c^arbohydrates  in  the  grain  and  straw  of  wheat,  37*1  lb.  in  the 
roots  of  sugar-beet,  27*6  lb.  in  those  of  mangel-wurzel,  and 
1 7*5  lb.  in  potatoes.  Again,  when  86  lb.  were  applied  as  sodium- 
nitrate,  1  lb.  gave  an  increase  of  36-5  lb.  carbohydrates  in  wheat, 
47*1  lb.  in  sugar-beet,  32-2  lb.  in  mangel-wurzel,  165  lb.  in 
potatoes,  and  only  55  lb.  in  the  leguminous  crop — beans. 

Tlius,  then,  we  have  the  apparently  anomalous  result,  that 
tbe  crops  which  are  characterised  by  yielding  a  comparatively 
small  amount  of  nitrogen  over  a  given  area,  by  containing  a  com- 
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paratively  low  percentage  of  nitrogen  in  their  dry  substancey 
and  by  yielding  comparatively  large  amonnts  of  the  rum-nitro- 
genous products — ^starch,  sugar,  and  cellulose — are  especially 
benefited  by  the  application  of  nitrogenous  manures,  and  under 
their  influence  yield  greatly  increased  amounts  of  those  non-nitro- 
genous bodies;  whilst  the  leguminous  crops,  which  contain  a 
much  higher  percentage  of  nitrogen,  and  yield  much  more 
nitrogen  over  a  given  area  of  land,  under  the  same  soil  and 
season  conditions,  are  much  less  benefited  by  such  manures. 

Without  attempting  to  give  an  adequate  physiological  ex- 
planation of  this  curious  result,  some  of  the  facts  bearing  upon 
it  may  be  briefly  stated  as  follows  :  The  non-leguminous  crops 
having  comparatively  limited  power  of  accumulating  nitrogen 
under  given  soil  conditions,  they  generally  require  nitrogenous 
manuring  ;  the  amount  of  nitrogen  assimilated  to  a  great  extent 
rules  the  amount  of  chlorophyll  formed ;  chlorophyll  formation  is 
an  essential  condition  of  carbon  assimilation;  the  amount  of 
carbon  assimilated  is  the  chief  measure  of  the  amount  of  pro- 
duce ;  and  siiice  the  more  special  or  characteristic  products  of 
the  non-leguminous  crops  are  the  non-nitrogenous  substances — 
the  carbohydrates,  the  natural  result  of  the  increased  assimila- 
tion of  nitrogen,  and  the  consequent  increased  luxuriance,  is  an 
increased  formation  of  the  bodies  which  are  their  essential  or 
characteristic  products. 

The  fact  is,  that  whilst  it  can  hardly  be  said  that  there  remains 
an  unsolved  problem  in  the  matter  of  the  sources  of  the  nitrogen 
of  our  rum-leguminous  crops — of  wheat,  of  barley,  and  of  grasses,  as 
representatives  of  the  great  family  of  the  Gh'aminece ;  of  turnips, 
representing  the  Gruc^&i^ce ;  of  some  varieties  of  beet,  represent- 
ing the  Chenopodiacece ;  and  of  potatoes  of  the  Solanece — ^it  must 
be  admitted  to  be  quite  otherwise  so  far  as  our  leguminous  crops 
are  concerned. 

It  is  nearly  a  century  ago  since  the  question  whether  plants 
took  up,  or  evolved,  free  nitrogen,  became  a  matter  of  experi- 
ment and  of  discussion  ;  and  it  is  just  about  half  a  century  since 
Boussingault  commenced  experiments  to  determine  whether 
plants  assimilate  free  nitrogen.  From  his  results  he  concluded 
that  they  did  not ;  and  those  obtained  at  Rothamsted  about  thirty 
years  ago  confirmed  the  conclusions  of  Boussingault.  In  fact, 
we  concluded  that  under  the  conditions  of  those  experiments, 
which  were  those  of  sterilisation  and  enclosure,  in  which  there- 
fore the  action  both  of  electricity  and  of  microbes  was  excluded, 
the  results  were  conclusive  against  the  supposition  that,  under 
such  conditions,  the  higher  chlorophyllous  plants  can  directly 
fix  free  nitrogen,  either  by  their  leaves  or  otherwise. 
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It  may,  in  fact,  we  think,  be  conclnded  that,  at  any  rate  in 
the  case  of  our  gramineous,  our  cruciferous,  our  chenopodiaceous, 
and  our  solaneous  crops,  free  nitrogen  is  not  the  source.  Never- 
theless, we  have  long  admitted  that  existing  evidence  was  insuffi- 
cient to  explain  the  source  of  the  whole  of  the  nitrogen  of  the 
Legwninosce ;  that  there  was,  in  fact,  a  missing  link  ! 

According  to  some  even  recent  experimenters,  however, 
gain  of  nitrogen  is  not  limited  to  our  leguminous  crops; 
and  the  modes  of  explanation  of  the  gains  which  have  been 
observed  are  extremely  various.  Thus,  it  has  been  assumed : 
that  combined  nitrogen  was  absorbed  from  the  air,  either 
by  the  soil  or  by  the  plant;  that  there  is  fixation  of  free 
nitrogen  within  the  soil  by  the  agency  of  porous  and  alkaline 
bodies ;  that  there  is  fixation  by  the  plant  itself;  that  there  is 
fixation  within  the  soil  by  the  agency  of  electricity ;  and,  finally, 
that  there  is  fixation  under  the  influence  of  micro-organisms 
within  the  soil,  both  with  and  without  the  accompanying  growth 
of  higher  plants. 

Limiting  our  discussion  here  mainly  to  the  question  of  the 
sources  of  the  nitrogen  of  the  Leguminosce,  it  may  be  said  that 
this  has  been  the  subject  of  experiment  and  of  controversy  for 
about  half  a  century,  and  it  is  generally  admitted  that  all  the 
evidence  that  has  been  acquired  on  lines  of  inquiry  until  re- 
cently followed,  has  failed  to  solve  the  problem.  During  the 
last  few  years,  however,  the  discussion  has  assumed  a  somewhat 
different  aspect.  The  question  still  is,  whether  free  nitrogen  is 
an  important  source  of  the  nitrogen  of  vegetation  generally,  but 
especially  of  the  Leguminosce  ;  but  whilst  few  now  assume  that 
the  higher  chlorophyllous  plants  directly  assimilate  free  nitro- 
gen, it  is  nevertheless  supposed  to  be  brought  under  contribu- 
tion in  various  ways;  but  especially  by  being  brought  into 
combination  under  the  influence  of  micro-organisms,  or  of  other 
low  forms,  either  within  the  soil  itself,  or  in  symbiotic  growth 
with  a  higher  plant. 

Of  all  the  Tecent  results  bearing  upon  the  subject,  those  of 
Hellriegel  and  Wilfarth  with  certain  leguminous  plants  seem 
to  us  to  be  by  far  the  most  definite  and  significant ;  pointing  to 
the  conclusion  that,  although  the  higher  chlorophyllous  plants 
may  not  directly  utilise  free  nitrogen,  some  of  them,  at  any  rate, 
may  acquire  nitrogen  brought  into  combination  imder  the  influ- 
ence of  lower  organisms ;  the  development  of  which  is,  appar- 
ently, in  some  cases  a  coincident  of  the  growth  of  the  higher 
plant  whose  nutrition  they  are  to  serve. 

It  was  in  the  Agricultural  Chemistry  Section  of  the  ^'  Natur- 
forscher  Versammlung"  held  in  Berlin,  in  1886,  when  one  of 
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ourselves  happened  to  be  presiding,  that  Professor  HeUriegel 
first  announced  his  hew  results.  Quite  consistently,  not 
only  with  common  experience  in  agriculture,  but  also  with 
the  direct  exi)erimental  results  of  ourselves  and  others,  HeUriegel 
found,  in  his  experiments,  that  plants  of  the  gramineous, 
the  chenopodiaceous,  the  polygonaceous,  and  the  cruciferous 
families,  depended  on  combined  nitrogen  supplied  within  the  soil. 
On  the  other  hand,  he  found  that  leguminous  plants  "did  not 
depend  entirely  on  such  supplies.  His  results  were,  indeed, 
not  only  very  definite,  but  it  is  seen  that  they  had  a  special 
bearing  on  the  admittedly  unsolved  problem  of  tie  source  of  the 
whole  of  the  nitrogen  of  leguminous  crops. 

Hellriegel's  experiments  and  results  may  be  briefiy  described 
as  follows : — In  1883  he  commenced  a  comprehensive  series  of 
vegetation  experiments  in  pot«,  in  which  he  grew  agricultural 
plants  of  various  families  in  washed  quartz  sand.  To  all  the 
pots  nutritive  solutions,  but  containing  no  nitrogen,  were  added. 
To  one  series  nothing  else  was  supplied ;  to  a  second  a  fixed 
quantity  of  nitrogen  as  sodium-nitrate  was  added ;  to  a  third 
twice  as  much ;  and  to  a  fourth,  four  times  as  much.  The 
result  was  that,  in  the  case  of  the  OramineoBy  and  some  other 
plants,  the  growth  was  largely  proportional  to  the  combined 
nitrogen  supplied,  whilst  in  that  of  the  Leguminosce  it  was  not 
so.  In  the  case  of  these  plants — ^that  of  peas,  for  example — it 
was  observed  that,  in  a  series  of  pots  to  which  no  nitrogen  was 
added,  most  of  the  plants  were  apparently  limited  in  their 
growth  by  the  amount  of  nitrogen  which  the  seed  supplied. 
Here  and  there,  however,  a  plant  growing  under  ostensibly  the 
same  conditions  grew  very  luxuriantly;  and,  on  examination, 
it  was  found  that  whilst  no  nodules  were  developed  on  the  roots 
of  the  plants  of  limited  growth,  they  were  abundant  on  those  of 
the  luxuriantly  grown  plants. 

In  view  of  this  result,  HeUriegel,  with  his  colleague  Dr. 
Wilfarth,  instituted  experiments  to  determine  whether,  by  the 
infection  of  the  soU  with  appropriate  organisms,  the  formation 
of  the  root-nodules  and  luxuriant  growth  could  be  induced ;  and 
whether,  by  the  exclusion  of  such  infection,  the  result  could  be 
prevented.  To  this  end,  they  added  to  some  of  a  series  of  ex- 
perimental pots,  25  cubic  centimetres,  or  sometimes  50  cubic 
centimetres,  of  the  turbid  watery  extract  of  a  fertUe  soU,  made 
by  shaking  a  given  quantity  of  it  with  five  times  its  weight  of 
distUled  water,  and  then  allowing  the  solid  matter  to  subside. 
In  some  cases,  however,  the  extract  was  sterilised.  In  those  in 
which  it  was  not  sterilised,  there  was  almost  always  luxuriant 
growth,  and  abundant  formation  of  root-nodules ;  but  with 
sterilisation  there  was  no  such  result.     Consistent  results  were 
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obtained  with  peas,  vetches,  and  some  other  Leguminosce ;  but 
the  application  of  the  same  soil-extract  had  little  or  no  effect, 
in  the  case  of  lupins,  serradella,  and  some  other  plants  of  the 
family,  which  are  known  to  grow  more  naturally  on  sandy  than 
on  loamy  or  rich  humus  soils.  Accordingly,  they  made  a  similar 
extract  from  a  diluvial  sandy  soil,  where  lupins  were  growing 
well,  in  which  it  might  be  supposed  that  the  organism  peculiar 
to  such  a  soil  would  be  present ;  and,  on  the  application  of  this 
to  a  nitrogen-free  soil,  lupins  grew  in  it  luxuriantly,  and  nodules 
were  abundantly  developed  on  their  roots. 

Further  particulars  of  the  experiments  of  Hellriegel  and 
Wilfarth,  and  also  of  the  results  and  conclusions  of  Berthelot, 
Deh6rain,  Joulie,  Dietzell,  Frank,  ^Emil  von  Wolff,  and  Atwater, 
as  well  as  of  some  of  the  later  experiments  of  Boussingault 
which  have  a  bearing  on  the  present  aspect  of  the  question,  will 
be  found  in  our  paper  in  the  Philosophical  Transactions,  Vol.  1 80 
(1889),  B.  A  short  account  is  also  given  of  the  experiments 
of  Breal,  confirming  the  results  of  Hellriegel,  in  our  paper  in 
the  "  Proceedings  of  the  Royal  Society,"  Vol.  47,  1890.* 

Thus,  then,  not  only  did  Hellriegel  and  Wilfarth  get  nega- 
tive results  with  plants  of  other  families  than  the  LegumviosoB,  as 
all  experience  would  lead  us  to  expect,  but  they  obtained  posi- 
tive results  with  the  LeguminoscSy  in  regard  to  the  source  of  the 
whole  of  the  nitrogen  of  which  experience  showed  that  there 
was  a ''  missing  link."  Such  results  were  obviously  of  funda- 
mental and  of  far-reaching  importance ;  and  it  seemed  desirable 
that  the  subject  should  be  further  investigated  with  a  view  to 
their  confirmation  or  otherwise.  Accordingly,  it  was  decided  to 
take  it  up  at  Bothamsted,  and  it  was  hoped  to  commence  experi- 
xnents  in  1887,  but  it  was  not  possible  to  do  so  until  1888.  In 
that  year,  a  preliminary  series  was  undertaken;  the  investigation 
was  continued  in  1889  and  1890,  and  is,  in  fact,  still  in  progress. 

It  is  proposed  to  give  in  the  folloWing  pages  some  account 
of  the  conditions,  and  of  the  results,  of  these  recent  experiments 
made  at  Bothamsted,  which  do  show  a  fixation  of  free  nitrogen. 
Bat,  before  doing  so,  it  will  be  well  to  call  attention  to  those  of 
the  earlier  experiments,  which  did  not  indicate  any  fixation  i  as 
the  well-defined  difference  in  the  conditions  under  which  such 
different  results  were  obtained  will  bring  clearly  to  view  what 
are  the  conditions  under  which  fixation  does,  and  what  are  those 
under  which  it  does  not,  take  place.  We  shall  thus,  too,  be  the 
better  able  to  form  some  judgment  as  to  the  practical  bearing 
of  the  recent  results. 

*  A.  Peteimann  f oand  gain  with  lupins,  but  doubted  whether  it  was  ent  irel^ 
doe  to  root-nodule  action,  or  whether  it  was  from  the  combined  or  the  free 
nitrogen  of  the  air.    Bull,  Station  Agron,  Gemblouz  (Belg.)>  Ma,rch  1890. 
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Earlier  Experiments,  which  did  not  show  Fixation 

OF  Free  Nitrogen. 

It  has  already  been  stated,  that  the  results  and  conclusions 
of  Boussingault  were  against  the  sapposition  that  plants  as- 
similate the  free  nitrogen  of  the  atmosphere.  His  nnmerous 
experiments  on  the  subject  were  commenced  in  1837,  and  were 
continued  at  intervals  up  to  1858.  In  all  cases  the  substances 
he  used  as  soil  were  sterilised ;  in  some  the  supplied  air  was 
washed ;  whilst  in  others  the  plants  grew  in  limited  air,  or 
were  more  or  less  protected.  He  experimented  with  a  great 
variety  of  plants — wheat  and  oats  representing  Qraminece ; 
clover,  peas,  haricots,  and  lupins  as  Leguminosce ;  also  garden 
cress  and  sunflower. 

In  some  of  his  earlier  experiments,  conducted  in  free  air  in  a 
summer-house,  the  leguminous  plants,  trefoil  and  peas,  did  in- 
dicate some  gain  of  nitrogen ;  but  in  all  the  subsequent  experi- 
ments there  was  generally  either  a  slight  loss,  pr,  if  a  gain,  it 
was  represented  by  only  fractions,  or  low  units,  of  milligrams ; 
the  larger  amounts  being  with  Leguminosae,  in  free  air,  under  a 
glazed  case.  After  twenty  years  of  varied  and  laborious  investiga- 
tion, M.  Boussingault  concluded  that  plants  have  not  the  power  of 
assimilating  the  free  nitrogen  of  the  atmosphere. 

Experiments  on  the  subject  were  commenced  at  Bothamsted 
in  1857,  they  were  continued  for  several  years,  and  the  late  Dr, 
Pugh  took  a  prominent  part  in  the  inquiry. 

The  soils  used  were  ignited,  washed,  and  re-ignited  piunice 
or  soil.  The  specially-made  pots  were  ignited  before  use,  and 
cooled  over  sulphuric  acid  under  cover.  Each  pot,  with  its  plants, 
was  enclosed  under  a  glass  shade,  which  rested  in  the  groove  of  a 
specially-made  hard-baked  glazed  stoneware  lute-vessel,  mercury 
being  the  luting  material.  Under  the  shade,  through  the 
mercury,  passed  one  tube  for  the  admission  of  air,  anotiber  for 
its  exit,  and  another  for  the  supply  of  water  or  solutions  to  the 
soil ;  and  there  was  an  outlet  at  the  bottom  of  the  lute-vessel  for 
the  escape  of  the  condensed  water  into  a  bottle  af&xed  for  that 
purpose,  from  which  it  could  be  removed  and  returned  to  the 
soil  at  pleasure. 

A  stream  of  water  being  allowed  to  flow  from  a  tank  into  a 
large  stoneware  Woulff  s  bottle,  of  more  than  20  gallons  capacity, 
the  air  passed  from  it  by  a  tube,  through  twcJ  small  glass  Woulff s 
bottles  containing  sulphuric  acid,  then  through  a  long  tube  filled 
with  fragments  of  pumice  saturated  with  sulphuric  acid,  and 
lastly  through  a  WoulfTs  bottle  containing  a  saturated  solution 
of  ignited  carbonate  of  soda ;  and,  after  being  so  washed,  the  air 
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entered  the  glass  shade,  from  which  it  passed,  by  the  exit  tube, 
through  an  eight-bulbed  apparatus  containing  sulphuric  acid,  by 
which  communication  with  the  unwashed  external  air  was  pre- 
vented. Carbonic  acid  was  supplied  as  required,  by  adding  a 
measared  quantity  of  hydrochloric  acid  to  a  bottle  containing 
fragments  of  marble,  the  evolved  gas  passing  through  one  of  the 
bottles  of  sulphuric  acid,  through  the  long  tube,  and  through  the 
carbonate  of  soda  solution,  before  entering  the  shade. 

In  1857  twelve  sets  of  such  apparatus  were  employed;  in 
1858  a  larger  number,  some  with  larger  lute-vessels  and  shades ; 
in  1859  six,  and  in  1860  also  six.  Each  year  the  whole  were 
arranged,  side  by  side,  on  stands  of  brickwork,  in  the  open  air. 
The  numerical  results  obtained  in  the  experiments  of  1857  and 
1858  are  summarised  in  Table  II.  (p.  14). 

The  upper  part  of  the  Table  shows  the  results  obtained 
in  1857  and  1858,  in  the  experiments  in  which  no  combined 
nitrogen  was  supplied  beyond  that  contained  in  the  seed  sown. 
The  growth  was  extremely  restricted  under  these  conditions,  and 
the  figures  in  the  table  show  that,  neither  with  the  Graminece, 
the  Leguminosce,  nor  the  Polygonacece  (buckwheat),  was  there  in 
any  case  a  gain  of  three  milligrams  of  nitrogen.  In  most  cases 
there  was  much  less  gain  than  this,  or  a  slight  loss.  There  was,  in 
fact,  nothing  in  the  results  to  lead  to  the  conclusion  that  either  of 
these  different  descriptions  of  plant  had  assimilated  free  nitrogen. 

The  lower  part  of  the  Table  shows  the  results  obtained  in  the 
experiments  in  which  the  plants  were  supplied  with  known 
quantities  of  combined  nitrogen,  in  the  form  of  a  solution  of 
ammonium-sulphate,  applied  to  the  soil.  The  effect  of  this 
direct  supply  of  combined  nitrogen  was  to  increase  the  growth 
in  a  very  marked  degree,  especially  in  the  case  of  the  Graminecv. 
The  figures  in  the  table  show  that  the  actual  gains  or  losses  of 
nitrogen  ranged  a  little  higher  in  these  experiments,  in  which 
larger  quantities  were  involved ;  but  they  are  always  represented 
by  units  of  milligrams  only,  and  the  losses  are  higher  than  the 
gains.  Further,  the  gains,  such  as  they  are,  are  all  in  the  experi- 
ments with  the  Oramineop,  whilst  there  is  in  each  case  a  loss  with 
the  Leguminosce,  and  with  the  buckwheat.  The  losses,  if  beyond 
the  limits  that  might  be  expected  from  experimental  error,  are 
doubtless  due  to  decay  of  organic  matter,  fallen  leaves,  &c. 

It  should  be  stated  that  the  gi-owth  was  far  more  healthy  with 
the  Qraminece  than  with  the  Leguminoscej  which  are,  even  in  the 
open  field,  very  susceptible  to  vicissitudes  of  heat  and  moisture, 
and  were  found  to  be  extremely  so  under  the  conditions  of  enclo- 
snre  under  glass  shades.  It  might  be  objected,  therefore,  that 
the  negative  results  with  the  Leguminosce  are  not  so  conclusive 
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Table  II. — Summary  of  the  Retrdtt  of  ExperimenU  made  at  Sathoftuted,  in 
1857  and  1858,  to  determine  whether  Plants  aseimilatefree  Nitrogen, 


Kitrogen,  gnm. 


In  Seed,  and 

Kanure,if 

any. 


InPlfluits, 
Fot^and 
Soil. 


Gain  or  Loss. 


With  no  eomhined  Mtrogen  supplied  beyond  that  in  the  Seed  sown. 


Graminea 


1867 


1868 


Wlieat 
Barley 
Barley 

'Wheat 
Barley 


Oats  . 


Legumino8(S  . 


f 
1 


1857 


1858 


I 


Beans 

Beans 
Peas  . 


Other  plants .      1858  Buckwheat 


gram. 
00080 
00066 
0  0056 

00078 
00067 
00063 

00078 
0-0061 

00796 

00760 
0-0188 

0-0200 


gram. 
00072 
0-0072 
00082 

0-0081 
0-0058 
00056 

00078 
00063 

00791 

00767 
0-0167 

00182 


gram. 
-00008 
+  0-0016 
•I-  0-0026 

+  0-0003 
+  0-0001 
-0-0007 

O-OOOO 
-OHXWl 

-00005 

+  00007 
-00021 

-00018 


With  combined  Nitrogen  supplied  beyotid  that  in  the  Seed  sown. 


1857 


Oraminea 


1858 


1858  A 


I  Wheat 
Wheat 
Barley 
Barley 


Wheat 
Barley 
,Oats  . 

'Wheat 
Barley 
Oats  . 

Peas  . 


Leguminosts 
Other  plants 


(  18°8        {  Clover 
,  1858A*     Beans 


00329 
00329 
0-0326 
0-0268 

00548 
00496 
00312 

0-0268 
00257 
00260 


00383 
00331 
0-0328 
00337 

0-0536 
0-0464 
00216 

00274 
0-0242 
00198 


1858 


Buckwheat 


00227 
00712 

0  0211 
00665 

00711 

00655 

00308 

00292 

+  00054 
+00002 
+  0-0002 
+  00069 

-00012 
-0-0032 
-0-0096 

+  00006 
-0-0015 
-00062 

-00016 
-00017 

-0006G 

-0-0016 


'  These  experiments  were  conducted  in  the  apparatus  of  M.  O.  Yille. 

as  those  with  the  Oraminece,  Nevertheless,  we  concluded,  and 
still  conclude,  from  the  results  of  our  own  experiments,  as 
BouBsingault  did  from  his,  that  neither  the  Oraminece  nor  the 
LeguminoscB  directly  assimilate  the  free  nitrogen  of  the  air. 
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That,  nnder  the  conditions  described,  the  Legumvnoscey  as 
well  as  the  Qraminece^  can  take  np  and  assimilate  already  com- 
bined nitrogen  supplied  to  them  is  well  illustrated  in  the  experi- 
ments made  in  1860  with  Leguminosce  alone.  The  series  com- 
prised three  experiments  with  white  haricot  beans :  No.  1  with- 
out any  other  supply  of  combined  nitrogen  than  that  in  the  seed ; 
No.  2  with  a  fixed  quantity  of  nitrogen  appUed  as  ammonium 
sulphate,  and  No.  s'with  Jfixed  qualtityVupplied  as  nitrate ; 
also  three  experiments  with  white  lupins:  No.  1,  as  with  the 
haricots,  without  artificial  supply  of  combined  nitrogen ;  No.  2 
with  supply  as  ammonium  sulphate,  and  No.  3  as  nitrate.  Each 
of  these  two  descriptions  of  leguminous  plant  showed  consider- 
ably increased  growth  under  the  influence  both  of  ammonium 
sulphate  and  of  nitrate — indeed,  the  growth  was  much  more 
satisfactory  than  in  the  earlier  experiments.  Still,  owing  to  the 
atmospheric  conditions  within  the  shades,  as  above  referred  to, 
the  plants  lost  both  leaves  and  flowers,  and  were,  therefore,  taken 
np  earlier  than  they  otherwise  would  have  been.  The  analytical 
results  here  again  indicated  no  gain  from  free  nitrogen,  either  in 
the  experiments  without,  or  in  those  with,  an  artificial  supply  of 
combined  nitrogen — indeed,  the  losses  were  greater  than  the 
gains. 

SiLch,  then,  were  the  negative  resvlts  obtained  ivhen  plants  were 
grovm  under  conditions  of  sterilisation  and  of  enclosure.  There 
was,  under  such  conditions y  v^  gain  from  free  nitrogen  y  in  the 
growth  of  either  Oraminece,  LeguminoscBy  or  otlier  plants. 


Recent  Experiments,  which  do  show  Fixation  of  Free 

Nitrogen. 

It  was  about  the  year  1876,  that  M.  Berthelot  called  in 
question  the  legitimacy  of  the  conclusion  that  plants  do  not 
assimilate  the  free  nitrogen  of  the  air,  when  drawn  from  the 
results  of  experiments  in  which  the  plants  are  so  enclosed  as  to 
exclude  the  possibility  of  electrical  action ;  and  more  recently 
he  has  objected  to  experiments  so  conducted  with  sterilised 
materials,  on  the  ground  that,  under  such  conditions,  the  pre- 
sence, development,  and  action,  of  micro-organisms  are  excluded. 
So  far,  however,  there  is  nothing  in  the  recent  results,  either  of 
M.  Berthelot  himself  or  of  others,  which  can  be  held  to  invalidate 
the  conclusion  which  had  been  drawn  from  the  results  of  Bous- 
nngault,  and  from  those  obtained  at  Bothamsted,  that  the 
higher  chlorophyllous  plants  do  not  directly  assimilate  firee 
nitrogen. 
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Let  us  now  consider  what  are  the  results  obtained,  when  the 
conditions  of  growth  involve  neither  sterilisation  nor  enclosure. 

The  Vegetation  Experiments  in  1888. 

As  already  stated,  it  was  in  1888  that  the  first  of  the  recent 
experiments  on  the  sabject  were  made  at  Bothamsted.  This 
preliminary  series  comprised  experiments  with  peas,  blae  lupins, 
and  yellow  lupins.     The  peas  were  grown — 

Pot  1.  In  washed  sand,  with  the  ashes  of  the  plant  added  ; 
but  with  no  supply  of  combined  nitrogen  beyond  a  small  deter- 
mined amount  in  the  washed  sand,  and  that  in  the  seed  sown. 

Pot  2.  In  similarly  prepared  sand  (and  ash),  but  microbe- 
seeded  with  25  c.c.  of  the  turbid  watery  extract  from  a  rich  garden 
soil. 

Pot  3.  Duplicate  of  No.  2. 

Pot  4.  In  the  rich  garden  soil  itself. 

Each  of  the  two  descriptions  of  lupins  was  grown — 

Pot  1.  In  sand  prepared  as  for  the  peas,  but  with  lupin- 
plant-ash  instead  of  pea-plant-ash  added. 

Pot  2.  In  similar  washed  sand,  &c.,  but  seeded  with  25  c.c. 
of  the  turbid  watery  extract  from  a  sandy  soil  where  lupins  had 
grown  luxuriantly. 

Pot  3.  In  the  lupin  sandy  soil  itself. 

Pot  4.  In  rich  garden  soil. 

The  twelve  pots  were  arranged  in  a  small  greenhouse ;  and 
distilled  water,  free  from  ammonia,  was  used  for  watering. 

The  sand  employed  was  a  yellow  sand  from  Flitwick,  in 
Bedfordshire,  such  as  is  used  by  gardeners  in  the  neighbourhood 
for  potting.  The  stones  and  coarser  portions  were  removed  by 
sifting,  the  remainder  was  several  times  washed,  first  with  well- 
water,  and  afterwards  with  distilled ;  then  dried  in  a  water-bath, 
and  finally  mixed  with  the  plant-ash.  It  still  contained 
0  00266  per  cent,  of  nitrogen. 

The  sandy  soil  from  which  the  watery  extract  was  made  for 
microbe-seeding  the  pots  where  lupins  were  to  grow,  and  which 
was  used  as  the  soil  in  experiment  No.  3  with  lupins,  was  ob- 
tained from  land  which  had  been  reclaimed  from  a  common  in 
Suffolk^  on  which  no  com  crop  would  grow,  but  on  which,  when 
subsequently  sown  with  blue  lupins,  they  grew  as  high  as  the 
hurdles.  Excepting  that  visible  organic  matter  was  removed 
by  sifting  and  picking,  it  was  used  as  received,  in  which  state 
it  contained  0*0859  per  cent,  of  nitrogen. 

The  garden  soil  contained  10-12  per  cent,  of  moisture,  and 
0-3919  per  cent,  of  nitrogen,  corresponding  to  0*4360  per  cent, 
on  the  soil  dried  at  100^  C. 
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The  pots  ufled  were  made  of  glazed  earthenware.  They  had 
a  hole  half  an  inch  in  diameter  at  the  bottom  for  drainage ;  and 
another  at  the  side,  near  the  bottom,  for  aeration,  into  which  a 
glass  tnbe  bent  upwards,  and  lightly  closed  with  cotton-wool  to 
ezclade  insects,  was  fixed.  The  pots  rested  on  slips  of  thick 
sheet  glass,  placed  in  basins  of  the  same  glazed  earthenware  as 
the  pots. 

The  plant-ashes  used  as  mineral  nutriment  were  prepared 
by  snspensLon  in  distilled  water,  adding  sulphuric  acid  to  the 
point  of  neutralisation,  evaporating  to  dryness,  and  gently  re- 
igniting. 

The  drain  hole  at  the  bottom  of  each  pot  was  loosely  covered 
with  a  piece  of  thick  glass,  and  1  lb.  of  broken,  washed,  and 
dried  flint  was  then  put  in.  The  pots  held  from  7  to  9  lb.  of 
the  yellow  sand,  from  6  to  7  lb.  of  the  lupin  sand,  and  about 
4^  lb.  of  the  garden  soil. 

The  soil-extracts  supposed  to  supply  the  organisms  were 
made  by  shaking,  in  a  stoppered  bottle,  one  part  of  the  garden 
soil  or  lupin  sand,  with  five  parts  of  distilled  water,  and,  after 
snbsidence,  pouring  off  the  turbid  liquid,  which  was  then  passed 
through  platinum  gauze  to  separate  any  floating  matter. 
Determinations  of  nitric  nitrogen  by  Schloesing's  method,  and 
of  total  nitrogen  by  copper  oxide,  showed  that  the  25  c.c.  of  the 
garden-soil  extract  used  for  microbe-seeding  contained  little 
more  than  three-quarters  of  a  milligram,  and  the  25  c.c.  of  the 
lapin-sand  extract  little  more  than  a  quarter  of  a  milligram,  of 
nitrogen — quantities  which  are  quite  immaterial  considered  as  a 
supply  of  combined  nitrogen. 

The  seeds  were  selected  for  sowing  and  for  analysis  by 
weighing  three  or  four  lots  of  a  hundred  each  to  ascertain  the  aver- 
age weight  per  seed,  and  then  a  number  of  single  seeds  weigh- 
ing within  five  milligrams  of  the  mean  weight  were  taken. 

It  was  intended  to  commence  the  experiments  early  in  the 
summer ;  but  owing  to  the  pressure  of  other  work  the  necessary 
preparations  were  not  completed  until  early  in  August.  All  the 
seeds  were  sown  on  August  6,  three  accurately  weighed  seeds 
being  put  into  each  pot. 

Yroxn.  the  first  the  peas  germinated  and  grew  well  in  each 
of  the  four  pots ;  but  in  each  of  the  four  of  blue  lupins,  and  in 
each  of  the  four  of  yellow  lupins,  one  or  more  seeds  failed,  and 
had  to  be  replaced  ;  and  in  some  cases  these  also  failed.  It  is 
admittedly  very  difficult  to  secure  healthy  growth  with  lupins 
in  pots.  One  essential  condition  seems  to  be  that  the  soil  must 
be  kept  open  and  porous;  and  it  is  also  important  that  the 
mineral  matter  added  to  the  soil  should  be  quite  neutral. 

B 
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In  the  experiments  of  1888,  the  growth  was  not  satis&ctory 
with  either  blue  or  yellow  lupins ;  but,  as  will  be  seen  farther 
on,  it  was  so  with  yellow  lupins  in  1889.  It  would,  therefore, 
be  a  waste  of  time  and  space  to  go  into  the  details,  either  of 
the  above-ground  growth,  the  root-development,  or  the  analyses, 
of  the  lupins  of  1888 ;  and  attention  will  be  confined  here  to 
the  results  obtained  with  peas  in  1888,  which,  it  will  be  seen, 
afford  very  important  indications. 

As  already  said,  the  peas  in  each  of  the  four  pots  germinated 
and  grew  well.  Those  in  the  garden-soil  were  throughout  the 
most  luxuriant.  Pots  2  and  3  were  each  seeded  with  25  c.c.  of 
the  garden-soil-extract  on  August  13 — that  is,  just  a  week  after 
the  sowing  of  the  seed. 

For  some  time  the  plants  in  pot  1,  in  the  sand  without  soil- 
extract,  showed  more  growth,  and  better  colour,  than  those  in 
either  pot  2  or  pot  3  with  the  soil-extract  seeding.  It  was,  in 
fact,  not  until  four  or  five  weeks  after  the  seeding  with  the  soil- 
extract  that  the  plants  in  pots  2  and  8  began  to  show  a 
darker  green  colour  than  those  in  pot  1  without  soil-extract. 
The  indication  was,  however,  then  so  striking  that,  on  Septem- 
ber 25,  it  was  decided  to  count  the  leaves,  and  to  estimate, 
approximately,  the  relative  area  of  leaf-surface  of  the  plants  in 
the  different  pots.  For  this  purpose  the  leaves  were  classified 
into  those  which  were  bright  green,  those  which  were  changing 
colour,  and  those  which  were  withered.  It  will  suffice  to  show 
the  number,  and  the  estimated  relative  area,  of  the  total  leaves 
ill  each  case,  on  September  25,  when  the  first  counting  and 
estimates  were  made,  on  October  17,  on  November  14,  and  on 
December  14,  when  the  plants  were  cut.  The  following  table 
summarises  the  results. 

Table  III. — Peas,  1888.  Total  number  of  Leaves,  and  Estimated  relative 
Leaf  Snvrfaoe,  those  of  the  Plants  in  Pot  1  {Ttoithoxit  Soil-extraot  Seeding),  on 
September  25,  being  taken  as  100. 


Number  of  X'OaTes 

Estimated  relative  Leaf  Surface 

Potl 

Pots 

Fot3 

Pot  4 

Potl 

Pot  2 

Pots 

Pot  4 

September  2S    .    .    . 
October  17    .... 
Koyember  H    .    .    . 
December  14     .    .    . 

144 
188 
844 
883 

140 
200 
800 
640 

120 
184 
244 
890 

164 
216 
280 
484 

100 
143 
170 
267 

67 
172 
249 
481 

88 
188 
248 
484 

128 
242 
828 
483 

Thus,  on  September  25,  after  the  plants  in  pots  2  and  3, 
with  the  soil-extract  seeding,  had  begun  to  show  a  darker  green 
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oolonr,  ihey  nevertheless  showed  both  a  less  number  of  leaves, 
and  considerably  less  leaf-surface,  than  the  plants  in  pot  1  with- 
out the  soil-extract.  A  possible  explanation  of  the  fact  that  the 
plants  with  the  soil-extract  seeding  remained  so  long  in  a  com- 
paratively backward  condition  may  be  that,  in  the  early  stages  of 
the  development  of  the  nodules  and  their  contents,  they  rely 
largely  for  their  nitrogenous  nutriment  on  the  compounds  of 
nitrogen  already  within  the  plant,  and  so  the  development  of  the 
higher  plant  itself  is  retarded.  The  figures  show,  however,  that 
from  this  date,  the  plants  in  pots  2  and  3,  with  the  soil-extract, 
gradually  gained  upon  those  in  pot  1  without  it,  both  in  number 
of  leaves  and  in  leaf-surface ;  until,  when  the  plants  were  takeu 
Tip  on  December  14,  those  in  pots  2  and  8  showed  640  and  390 
leaves^  against  only  382  on  those  in  pot  1 ;  and  481  and  434  of 
leaf«8urface,  against  only  267  in  pot  1.  There  is,  therefore,  clear 
evidence  of  increased  growth  under  the  influence  of  the  soil- 
extract  seeding. 

In  all  the  pots  the  upper  portions  of  the  plants  obviously 
developed  at  the  expense  of  the  lower,  the  leaves  of  which 
gradusJly  lost  colour  and  withered,  whilst  the  stems  and  leaves 
of  the  upper  portion  increased  in  growth ;  those  in  pots  2,  3,  and 
4,  continuing  to  vegetate  and  to  maintain  a  bright  green  colour 
to  the  last,  whilst  those  in  pot  1  showed  more  exhaustion,  and 
maintained  much  less  colour.  Probably  owing  to  the  lateness  of 
the  season,  there  was  no  indication  of  flowering  in  any  of  the  pots. 

The  four  pots  of  plants  were  photographed  on  September  1, 
September  22,  October  6,  and  lastly  on  November  3,  about  five 
weeks  before  the  taking  up  of  the  plants. 

As  the  roots  had  to  be  preserved  without  any  loss  for  analysis, 
the  examination  of  them  had  to  be  very  carefully  conducted, 
and  was  necessarily  more  restricted  than  if  examination  had 
been  the  only  object.  After  the  above-ground  growth  had  been 
cat  ofi*,  the  pots,  with  their  moist  soil  and  roots,  were  kept  in  a 
warm  dry  place  until  the  examination  commenced.  The  block 
of  soil  was  carefully  turned  out  on  to  glazed  cartridge-paper, 
and  notes  were  at  once  taken  as  to  the  distribution  of  roots  so 
far  as  it  was  then  apparent.  The  sand  or  soil  was  then  removed 
little  by  little  until  the  roots  were  left  nearly  bare.  Further 
notes  were  then  taken,  after  which  the  remaining  sand  or  soil 
was  removed  as  far  as  possible  by  washing  in  a  beaker  with  a 
little  distilled  water.  The  roots  were  then  mounted  upon  paper, 
and  so  photographed,  and  finally  noted  upon. 

In  order  to  stimulate  and  assist  the  observation  of  others,  it 

will  be  well  to  give  some  description  of  the  development  of  the 

roots,  and  of  the  nodules  on  them,  of  the  various  experimental 

b2 
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plants,  for,  as  will  be  seen,  the  differences  in  these  respects  are 
very  great  with  different  descriptions  of  plant,  and  nnder  the 
different  conditions  of  growth. 

The  roots  of  the  peas  in  pot  1 ,  with  the  washed  and  dried,  bat 
not  sterilised,  yellow  sand,  showed  a  densely  matted  mass  of  fibre, 
by  far  the  greater  portion  of  which  was  accumulated  within  the 
top  four  inches  ;  and,  notwithstanding  there  was  no  soil-extract 
seeding,  there  were  many  nodules  on  the  roots,  but  fewer,  and 
generally  much  smaller,  than  on  those  grown  with  the  soil- 
extract  seeding.  They  were  also  less  characteristicallj  ac- 
cumulated near  the  surface,  and  more  distributed  along  the 
root  fibres.  There  were,  however,  some  agglomerations  of 
nodules.  Comparing  this  result  with  that  obtained  in  1889,  with 
a  purer  and  sterilised  sand,  in  which  case  there  were  no  nodules, 
there  can  be  little  doubt  that  the  development  of  nodules,  and 
the  fairly  luxuriant  growth  in  this  pot  without  soil-extract 
seeding,  are  to  be  attributed  to  the  impurity  and  non-steril- 
isation of  the  sand. 

The  roots  in  pot  2,  with  soil-extract  seeding,  also  showed  a 
•dense  mass  of  fibre,  which,  however,  extended  from  the  top  to 
the  bottom  of  the  sand,  penetrated  the  layer  of  flints,  and 
distributed  over  the  bottom  of  the  pot.  The  roots  were,  in  fact, 
much  more  generally  distributed  and  less  accumulated  within 
"the  surface  layers  than  in  pot  1.  The  most  developed  root  had 
three  large  agglomerated  nodules,  each  with  some  scores  of 
protuberances,  somewhat  as  on  a  raspberry  or  mulberry.  The 
-other  plants  also  showed  similar  nodules,  but  of  a  smaller  size. 
There  were  also  a  number  of  small  clusters  distributed  over  the 
rootlets,  but  very  few  single  nodules,  differing  in  this  respect 
from  the  development  observed  in  pot  1. 

In  pot  3,  also  with  soil-extract  seeding,  each  of  the  three 
plants  developed  a  mass  of  root-fibre  extending  throughout  the 
sand,  but  less  near  the  bottom.  There  were  large  agglomerations 
of  nodules  on  the  roots  of  each  plant.  There  were,  besides, 
many  small  clusters,  and  here  and  there  single  nodules.  By 
far  the  most  of  the  nodules  were  within  the  top  three  inches  of 
the  sand,  but  one  considerable  bunch  was  found  as  low  as  four 
inches  from  the  surface.  As  in  the  other  cases,  the  nodules 
were  grey,  and  much  lighter  in  colour  than  the  roots  on  which 
they  grew. 

Each  of  the  three  plants  in  pot  4,  with  the  garden  soil,  had 
a  stouter  main  root  than  any  of  those  in  the  other  pots.  From 
the  side  branches  there  proceeded  a  large  amount  of  fine  root- 
fibres  which  extended  throughout  the  whole  soil,  those  firom  the 
different  plants  being  much  interwoven.  The  roots  extended 
round  the  sides  and  along  the  botton^  of  the  pot,  much  more 
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than  in  either  of  the  other  pots.  There  were  three  small  clusters 
of  nodules  on  the  roots  of  each  of  the  three  plants,  one  or  two 
small  bunches,  and  here  and  there  a  single  nodule.  But  the 
clusters  were  much  smaller,  the  total  number  of  nodules  was 
much  less,  and  they  were  more  generally  distributed  over  the 
roots  in  this  pot  with  rich  garden  soil  than  in  either  of  the 
others,  even  than  in  pot  1  without  soil-extract  seeding.  The 
root  development  was,  however,  as  the  description  shows,  much 
greater  than  in  either  of  the  other  pots.  There  was,  then,  a 
greater  development  of  root  and  root-fibre,  but  a  less  develop- 
ment of  root  nodules,  in  the  garden  soil,  which  itself  supplied  an 
abundance  of  combined  nitrogen,  as  well  as  other  nutriment. 

Upon  the  whole,  the  evidence  relating  to  the  peas  clearly 
shows  that  there  was  a  greatly  enhanced  development  of  nodules 
on  the  roots  under  the  influence  of  the  soil-extract  seeding, 
and,  coincidently  with  this,  considerably  increased  growth. 


The  nitrogen  was  determined  in  the  sand  and  in  the  garden 
soil,  at  the  commencement  and  at  the  conclusion  of  the  experi- 
ments; also  in  the  seed,  in  the  above-ground  growth  (stems  and 
leaves),  and  in  the  roots,  separately.  The  dry  matter  and  ash 
were  also  determined,  in  the  seed,  and  in  the  produce  grown. 

It  is  of  interest  to  remark  (though  the  results  are  not  here 
given)  that  the  above-ground  produce  of  the  plants  in  pot  1, 
with  the  most  restricted  growth,  and  which  from  their  pale 
colour  indicated  nitrogen-exhaustion,  showed  a  lower  percentage 
of  nitrogen  in  its  dry  substance  than  was  found  in  that  of  either 
of  the  other  pots.  It  may  be  added  that  the  roots  in  pots  2  and 
3,  with  the  soil-extract,  and  with  so  much  greater  development  ot 
nodules  than  on  those  in  either  pots  1  or  4,  also  contained  a 
considerably  higher  percentage  of  nitrogen  in  their  dry  substance. 

The  next  Table  (IV.)  shows  the  actual  quantities  of  dry 
substance  and  of  nitrogen  in  the  separated  and  in  the  total 
products  of  growth. 

Table  IV.— Peas,  1888. 


Dry  substaiMM 


In  stems 

and 
1  cares 


Pot  1.  Sand  wfthoat  soil-extract 
Pots.       „     ^itbaoU-extract   . 
Pot  S.        „  M 

Pot  4.  Garden  soU 


f» 


grams. 
7  423 
9-368 
9-411 

12*808 


la 

la  roots    whole 
plant 


grams. 
2*600 
3-409 
1748 
2-846 


grams. 

10^3 

11*777 

11169 

15*664 


Nitrogen 


In  stem 

aud 
leaves 


gram. 
U'S16S 
0-4(91 
0-8770 
0-5806 


In 

rn  roots'  whole 
plant 


gram. 
0-0669 
0K)770 
0-0587 
0-0794 


grun. 
0*2822 
0-5861 
0-4367 
0-6600 


•22         The  Sources  of  the  Nitrogen  of  our  Leguminous  Crops. 


It  is  seen  that  there  is  more  dry  substance  in  the  above- 
gronnd  growth,  but  less  remaining  in  the  roots,  in  pots  2  and  3 
with  the  soil-extract,  than  in  pot  1  without  it.  In  the  whole 
plant  there  is  about  10  grams  of  dry  substance  in  pot  1  with- 
out soil-extract,  against  about  llf  grams  in  pot  2,  and  more 
than  11  grams  in  pot  3,  each  with  soil-extract. 

The  point  of  chief  interest  is,  however,  that  there  was  in 
one  case  more  than  twice,  and  in  the  other  nearly  twice,  as 
much  nitrogen  in  the  above-ground  growth  in  pots  2  and  3 
with  the  soil-extract  seeding,  as  in  pot  1  without  it.  But  there 
was  much  less  difference  in  tiie  amounts  remaining  in  the  roots 
under  the  different  conditions.  Of  nitrogen  in  the  total  vege- 
table, matter  grown,  there  is,  in  pot  2  nearly  twice,  and  in  pot  3 
more  than  1^  time,  as  much  as  in  pot  1  wiiiiout  the  soil-extract. 
In  pot  4,  with  garden  soil,  and  with  therefore  full  supply  of 
already  combined  nitrogen,  there  was  more  dry  substance  pro- 
duced, and  more  nitrogen  assimilated,  than  under  the  influence 
of  the  soil-extract  seeding. 

The  significance  of  the  results  relating  to  the  nitrogen  is, 
however,  more  clearly  seen  in  the  next  Table  (V.),  which  shows 
the  amounts  in  the  soil  at  the  commencement  and  at  the  con- 
clusion of  the  experiment,  and  the  gain  or  loss ;  the  amounts  in 
the  seed,  in  the  total  products  of  growth,  and  the  gain ;  the 
total  nitrogen  in  the  soil  and  seed  at  the  commencement,  in  the 
soil  and  produce  at  the  conclusion,  and  the  gain.  The  Table 
also  shows,  in  the  last  column  but  one,  the  nitrogen  in  the  total 
products,  reckoning  the  ^tal  initial  nitrogen  =1  ;  and  in  the 
last  column,  the  amount  in  the  plants,  reckoning  that  in  the 
seed  =1. 

Table  V.— Pkas,  1888. 


Nitrogen 


In  sand  or  soil 


Potl 
Pots 
Pots 
Pot  4 


At  com- 

menoe- 

ment 


grains. 
0-0999 
0-0999 
0-0999 
7*9989 


At  con- 
clusion 


grams. 
0-1096 
0K)974 
0-0848 
7-9989 


Gain 
(  +  )or 

l088(  — ) 


In  seeds 
sown 


gram. 
+0-0097 
-0-0036 
-0-0161 


In  seeds  and  produce 


grara. 
0-0393 
0-0398 
0^291 
0-C801 


In  total 
plants 


gram. 
0-8833 
0-5361 
0-4867 
0-6600 


Qftin 


Erram. 
0-2629 
0-6068 
0-4066 
0-6399 


a\>tai 


At  com- 
mence- 
ment 


grams. 
01393 
0-1397 
01290 
8-0390 


At  con- 
clusion 


grams. 
0-3918 
0*6836 
0-6805 
8-6689 


Gain 


gram. 
0*8636 
0-6088 
0-3916 
0-6399 


In  total 

pro- 
ducts, 
total 
initial 
=1 


In 

planter 

nitrogen 

in  seed 

~1 


8-03 
4-88 
4-04 
1-08 


9^3 
17-99 
14-97 

81-93 


The  first  point  to  notice  is,  that  there  is  very  little  difference 
in  the  amount  of  nitrogen  in  the  sand  or  soil  at  the  commence- 
ment and  at  the  conclusion  of  the  experiments.    There  would 


The  Sources  of  the  Nitrogen  of  our  Legimwnotu  Crops,        !2S 

doubtless,  be  some  fine  root-fibre  not  removed  at  the  conclusion, 
so  that  where  there  is  loss  it  is  to  be  supposed  that  some  of  the 
original  nitrogen  of  the  sand  has  contributed  to  the  growth.  In 
the  case  of  the  garden-soil,  with  its  high  percentage  of  nitrogen, 
it  is,  of  course,  not  impossible  that  there  may  have  been  some 
loss  by  the  evolution  of  &ee  nitrogen. 

That  there  is  at  any  rate  no  material  gain  of  nitrogen  in  the 
sand  or  soil  would  seem  to  be  confirmatory  of  the  conclusion 
indicated  by  other  evidence,  that  the  fixation  is  not  effected  by 
ihe  organisms  within  the  soil,  independently  of  the  symbiotic 
growth  of  the  nodules  and  their  contents,  and  of  the  higher 
plant  to  which  they  are  attached,  and  to  whose  nitrogenous 
supply  they  seem  to  contribute.  Indeed,  if  the  fixation  had 
taken  place  under  the  influence  of  microbes  within  the  soil, 
independently  of  connection  with  the  higher  plant,  we  should 
expect  some  accumulation  within  it,  or  we  should  have  to  con- 
clude that  the  plant  had  availed  itself  of  exactly  the  whole  of 
the  nitrogen  so  brought  into  combination — a  supposition  for 
which  there  would  seem  no  reasonable  justification. 

Turning  to  the  middle  division  of  the  Table,  which  shows 
the  nitrogen  in  the  seed  sown,  in  the  total  vegetable  matter 
grown,  and  the  gain,  and  disregarding  the  changes  in  the  soils, 
which  it  has  been  seen  may  well  be  done,  it  will  be  observed 
that,  in  the  case  of  pots  1,  2,  and  3,  with  sand,  the  gain  in  the 
plants  is  so  large  as  to  be  very  far  beyond  the  limit  of  any  possi- 
ble experimental  error.  This  certainly  cannot  be  said  of  some 
of  the  experiments  which  have  been  conducted  on  other  lines 
in  regard  to  the  question  of  the  fixation  of  free  nitrogen. 

The  gain  of  nitrogen  in  these  initiative  experiments  is,  how- 
ever, much  less  than  in  many  of  those  of  Hellriegel  and  Wilfarth, 
and  also  much  less  than  in  subsequent  experiments  at  Botham- 
sted.  This  is  not  to  be  wondered  at  when  the  late  period  of 
the  season,  and  the  consequent  character  of  the  growth,  are 
borne  in  mind. 

To  refer  to  the  figures,  it  is  seen  that,  whilst  the  nitrogen 
supplied  in  the  seed  was  only  0*03  gram  or  less,  that  in  the 
products  of  growth  was  0*2822  gram  in  pot  1,  0-5361  in  pot  2, 
0*4357  in  pot  3,  and  0'6600  in  pot  4 ;  and  the  gains  were  more 
than  ^  of  a  gram  in  pot  1,  more  than  ^  a  gram  in  pot  2,  about 
|ths  of  a  gram  in  pot  3,  and  more  than  fths  of  a  gram  in 
pot  4. 

The  third  division  of  the  Table  shows  the  total  nitrogen  at 
the  commencement  (in  soil  and  seed  together),  at  the  conclusion 
(in  soil  and  total  vegetable  matter  grown),  and  the  gains. 

But  the  significance  of  the  results  is  more  clearly  seen  in 
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the  last  two  colamns.  The  first  of  these  shows  the  relation  of 
the  amount  of  nitrogen  in  the  total  products  (soil  and  plants 
together)  to  the  total  initial  nitrogen  (soil  and  seed  together), 
taken  as  1.  Even  in  pot  1,  with  the  impure  and  not  sterilised 
sand,  but  without  soil-extract,  there  was,  so  reckoned,  more 
than  three  times  as  much  nitrogen  in  the  products  as  in  the 
soil  and  seed ;  in  pot  2,  with  soil-extract  seeding,  there  was 
nearly  five  times  as  much  ;  and  in  pot  3,  also  with  soil-extracfe, 
there  was  more  than  four  times  as  much.  In  the  case  of  pot  4, 
however,  with  garden  soil,  owing  to  the  large  amount  of  initial 
nitrogen  in  the  soil,  the  gain,  though  actually  large,  appears 
when  so  reckoned  but  small. 

It  is  in  the  last  column  of  the  Table,  in  which,  disregarding 
the  nitrogen  in  the  soils,  which  was  so  nearly  the  same  at  the 
beginning  and  at  the  end,  and  reckoning  the  relation  of  the 
nitrogen  in  the  total  products  of  growth  to  that  in  the  seed  taken 
as  1,  that  the  large  amount  of  fixation  is  clearly  brought  to 
view.  So  reckoned,  the  nitrogen  in  the  substance  grown  to 
that  in  the  seed  sown  was :  in  pot  1,  9^-fold ;  in  pot  2,  nearly 
18-fold ;  in  pot  3  nearly  15-fold ;  and  in  pot  4,  nearly  22- 
fold. 

Here^  then^  under  non-sterilised  conditions — infact^  xviih  suit' 
able  microbe-infection  of  the  soil — there  was  very  considerable 
fixation  of  free  nitrogen. 

The  Vegetation  Experiments  in  1889,  1890,  and  1891. 

Since  1888  more  extensive  series  of  experiments  have  been 
made,  on  substantially  the  same  lines  as  those  already  described. 
In  1889  peas,  vetches,  blue  lupins,  yellow  lupins,  red  clover, 
and  lucerne  were  sown  ;  and  in  1890  beans,  white  clover,  and 
sainfoin.  Excluding  the  blue  lupins,  which  failed,  it  will  be 
seen  that  the  series  included  experiments  with  four  annuals, 
namely,  peas,  vetches,  beans,  and  yellow  lupins ;  also  with  four 
plants  of  longer  life,  namely,  white  clover,  red  clover,  sainfoin, 
and  lucerne.  And,  as  will  be  seen  further  on,  experiments 
with  the  same  four  annuals,  and  the  same  four  plants  of  longer 
life,  were  commenced  in  1890,  of  which  some  are  still  in  pro- 
gress, on  somewhat  difierent  lines  from  those  above  referred  to, 
with  a  view  to  the  investigation  of  some  points  of  importance, 
which  the  necessary  conditions  of  growth  and  subsequent  treat- 
ment of  the  plants  in  the  glass-house  did  not  admit  of. 

Referring  to  the  experiments  in  the  glass-house,  it  may  be 
stated  that  for  the  lupins,  the  sainfoin,  and  the  lucerne,  specially- 
made  pots  of  glazed  earthenware  were  employed.    They  were 
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about  six  inches  in  diameter,  and  fifteen  inches  deep  inside; 
that  is,  about  twice  as  deep  as  those  used  in  1888,  and  again 
in  1889  and  1890,  for  the  peas,  vetches,  beans,  white  clover,  and 
red  clover.  These  larger  pots  had  holes  at  the  bottom  for 
drainage,  and  slits  at  the  sides,  near  the  bottom,  for  aeration. 
Each  of  the  pots,  large  or  small,  stood  in  a  specially-made  pan 
of  the  same  material.  A  quantity  of  broken,  washed,  and  this 
time  ignited,  flint  was  put  into  the  bottom  of  each  pot.  The  sand 
used  was  a  rather  coarse  white  quartz  sand,  from  which  the 
coarser  and  the  finer  portions  were  removed  by  sifting,  and  more 
of  the  finer  by  washing  and  decantation,  first  with  well,  and 
afterwards  with  distilled,  water.  In  defect  of  means  for  igniting 
BO  large  a  quantity  of  material  (several  hundred  pounds  in  all), 
without  running  the  risk  of  gaining  more  impurity  than  was 
expelled,  the  portion  retained  for  use  was  kept,  in  successive 
lots,  in  a  large  water-bath,  at  nearly  100°  C,  for  several  days, 
and  then  preserved  in  well-closed  bottles.  The  results  have 
shown  that  the  sand  so  prepared  was  sufficiently,  if  not  abso- 
lutely, sterilised. 

In  aU  the  experiments  commenced  subsequently  to  1888 
the  sand  was  mixed  with  only  0*1  per  cent,  of  the  plant  ash  and 
O'l  per  cent,  of  calcium  carbonate. 

There  were  four  pots  of  each  description  of  plant,  excepting 
in  the  case  of  the  white  clover,  of  which  there  were  five.  For 
the  peas,  vetches,  beans,  white  clover,  red  clover,  sainfoin,  and 
lucerne.  No.  1  was  with  the  prepared  quartz  sand,  without  soil- 
extract;  Nos.  2  and  3  were  with  the  quartz  sand  and  garden  soil- 
extract  added ;  and  No.  4  was  with  the  garden  soil  itself;  the 
fifth  pot  of  white  clover  receiving  calcium  nitrate  instead  of 
soil-extract.  Of  the  lupins  (both  blue  and  yellow),  No.  1  was 
with  the  prepared  quartz  sand,  without  soil-oxtract ;  Nos.  2  and  3 
were  with  lapin  soil-extract  added ;  and  No.  4  was  with  the  Inpin 
sandy  soil  itself,  to  which  0*01  per  cent,  of  the  plant  ash  was 
added. 

The  soil-extracts  were  added  the  day  before  the  sowing  of 
the  seed ;  25  c.c.  in  the  case  of  the  plants  grown  in  the  smaller, 
and  50  c.c.  in  that  of  those  grown  in  the  burger,  pots. 

The  seeds  were  selected  and  weighed  as  in  1888. 

The  analytical  details  relating  to  the  experiments  com- 
menced in  1889,  and  subsequently,  are  not  yet  completed;  nor 
have  those  already  available  yet  been  arranged  and  published,  so 
that  numerical  results  cannot  be  given  here.  The  following 
notes  on  growth,^  and  descriptions  of  the  plants  and  their  roots, 
together  with  a  general  statement  of  the  bearing  of  the  analytical 
data  in  some  cases,  will,  however,  convey  a  clear  idea  of  the  im- 
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portance  and  of  the  significance  of  the  results  which  have  so  far 
been  obtained. 

The  peas  were  sown  on  July  10  (1889)  two  seeds  being  put  into 
each  of  the  four  pots ;  and  the  plants  were  taken  up  on  October 
23  and  24.  Photographs  of  the  four  pots  of  plants  were  taken 
on  August  3,  August  20,  September  27,  and  lastly  on  October 
22  ^  that  is,  the  day  before  taking  up.  Unlike  the  result  obtained 
in  pot  1  in  1888  with  impure  and  non-sterilised  sand,  the  plants 
of  1889,  in  the  purer  and  sterilised  quartz  sand,  showed 
extremely  limited  growth.  Before  the  end  of  July,  those  in  both 
pots  2  and  3,  with  soil-extract  seeding,  began  to  show  enhanced 
growth  compared  with  that  in  pot  1,  without  the  soil-extract ; 
and,  eventually,  whilst  the  plants  in  pot  1  were  only  8  J  and  8  J 
inches  in  height,  those  in  pot  2,  with  soil-extract,  were  14  and 
50^  inches  ;  and  those  in  pot  3,  also  with  soil-extract,  were  40^ 
and  39^  inches  high.  In  pot  4,  with  the  garden  soil,  the 
heights  of  the  plants  were  38^  and  41^  inches,  or  only  about 
the  same  as  in  pot  3  with  the  soil-extract  only.  But  the  plants 
in  pot  4  were  more  vigorous,  and  whilst  they  flowered  and  seeded, 
neither  of  those  in  either  pot  2  or  pot  3  did  so,  but  continued  to 
vegetate,  the  upper  parts  apparently  at  the  expense  of  the  lower. 

Then  as  to  the  root  development : — In  pot  1,  without  soil- 
extract,  and  with  extremely  limited  above-ground  growth,  it 
was  altogether  much  less  than  in  either  pot  2  or  pot  3  with 
soil-extract,  or  than  in  pot  4  with  garden  soil.  Again,  in  pot  1, 
without  soil-extract  seeding,  the  main  roots  descended  some 
distance  before  they  threw  out  any  considerable  amount  of  root- 
branches  and  root-fibre ;  whereas,  in  pots  2  and  3,  with  soil- 
extract,  there  was  characteristically  much  more  fibre  distributed 
both  in  the  upper  layers  and  throughout  the  pot. 

It  is  specially  to  be  noted  that,  whereas  in  pot  1  in  1888, 
with  impure  and  non-sterilised  sand,  there  was  some  development 
of  nodules,  now,  in  the  pure  and  sterilised  sand,  not  a  nodule  was 
observable. 

In  pot  2,  with  soil-extract  seeding,  one  plant  was  very  much 
larger  than  the  other,  and  developed  much  more  root.  The 
smaller  plant  had,  however,  several  nodules  on  the  main  root, 
near  the  surface  of  the  soil,  and  a  good  many  small  ones  distri- 
buted along  the  fibres.  Most  of  the  nodules  were  more  or  less 
shrivelled.  The  larger  plant  had  a  large  cluster  of  nodules  on 
the  main  root,  very  near  the  surface  ;  and  a  very  lare^e  number 
of  single  nodules,  mostly  small,  was  distribnted  on  the  roofr-fibm., 
quite  to  the  bottom  of  the  pot.  Upon  the  whole  those  on  the 
larger  plant  were  less  shrivelled. 
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In  pot  3,  also  with  soil-extract,  and  with  two  tall  plants,  the 
main  roots  extended  to,  and  along,  the  bottom  of  the  pot; 
throwing  o£f  many  side  branches,  wit^  a  very  large  quantity  of 
fine  fibrous  root.  The  greatest  distribution  was,  however,  in  the 
npper  few  inches  of  the  sand.  There  were  two  clusters  of  nodules 
on  one  of  the  plants,  and  three  on  the  other,  besides  smaller 
bunches.  A  large  number  of  mostly  single  small  nodules  was 
also  distributed  along  the  roots.  On  one  of  the  plants  the 
largest  cluster  was  on  the  main  root,  and  on  the  other  the 
clusters  were  on  the  side  branches. 

In  pot  4,  with  the  garden  soil,  and  not  higher  plants,  but 
more  vigorous  and  more  matured  growth  than  with  sand  and 
soil-extract  only,  there  was  a  dense  mass  of  root-fibre  throughout 
the  first  six  inches  of  depth.  There  were  numerous  nodules,  the 
majority  single  and  within  the  upper  two  or  three  inches  of  soil. 
There  were  also  a  few  small  bunches. 

Thus,  then,  the  limited  growth  in  pot  1,  with  sand  without 
soil-extract,  was  coincident  with  the  entire  absence  of  nodule- 
formation  ;  and  the  increased  growth  in  pots  2  and  3,  with  soil- 
extract,  was  coincident  with  a  very  great  development  of  nodules. 
In  pot  4,  with  garden  soil,  itself  supplying  abundance  of  com- 
bined nitrogen,  there  was  also  a  considerable  development  of 
nodules,  but  distinctly  less  than  in  either  pot  2  or  pot  3,  with 
sand  and  soil-extract  only. 

Lastly^  without  soil-^airaAity  wnd  withovi  nochdeSy  there  was  no 
gain  of  nitrogen ;  hutj  with  soihexbract^  avd  with  nodule-formation^ 
there  was  much  gain  of  nitrogen ;  there  being  many  times  as  mu/ih 
in  the  products  of  growth  as  in  the  seed  soum. 

The  vetches  were  sown  on  July  10  (1889)  two  seeds  being  put 
into  each  pot ;  and  the  plants  were  taken  up  on  October  26.  The 
four  pots  of  plants  were  photographed  on  August  3,  August  20, 
September  27,  and  lastly  on  October  25,  the  day  before  being 
taken  up. 

As  with  the  peas,  the  plants  in  pots  2  and  3  with  sand  and  soil- 
extract  had,  before  the  end  of  July,  shown  more  growth  than  those 
in  pot  1  without  it.  Again,  as  with  the  peas,  the  vetches  in  the 
pure  and  sterilised  sand  showed  extremely  limited  growth.  On 
the  other  hand,  those  in  pots  2  and  3,  with  the  soil-extract,  grew 
to  a  great  height — indeed,  higher  than  those  in  pot  4  with  the 
garden  soil.  The  heights  of  the  plants  were :  in  pot  1,  without 
soil-extract,  11  ^^  and  10^  inches;  in  pot  2,  with  soil-extract, 
52^  and  67  jpches ;  in  pot  3,  also  with  soil-extract,  62^  and  51 
inches ;  but  in  pot  4,  with  garden  soil,  only  53  and  36  inches. 
But,  as  in  the  case  of  the  peas,  whilst  the  plants  in  pot  4,  with 
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the  garden  soil,  flowered  and  seeded,  those  in  pots  2  and  3,  wiiix 
sand  and  the  soil-extract  only,  did  not,  but  continued  to  vegetate, 
extending  upwards,  the  higher  and  newer  portions  apparently 
at  the  expense  of  the  lower  and  older  parts  of  the  plant. 

In  pot  1,  with  sand  without  soil-extract,  and  with  very  limited 
above-ground  growth,  there  was  much  less  development  of  root 
than  in  either  pot  2  or  pot  3  with  soil-extract,  or  than  in  pot  4 
with  the  garden  soil.  The  main  roots  descended  to  the  bottom  of 
the  pot,  and  threw  out  a  number  of  side  branches,  but  there  was 
a  marked  deficiency  of  root-fibre ;  and  not  a  single  nodule  was 
formed. 

In  pot  2,  with  soil-extract  seeding,  and  very  extended  above- 
ground  growth,  there  was  a  dense  mass  of  root  and  root-fibre, 
which  distributed  throughout  the  pot,  though  the  greatest 
accumulation  was  within  the  first  three  inches  of  depth.  There 
were  numerous  nodules,  but  considerably  less  in  quantity  than 
on  the  corresponding  pea  roots.  They  were  mostly  single,  and 
the  greater  nuiriber  were  found  in  the  lower  layers,  whioh  is  also 
contrary  to  the  result  with  the  peas.  They  were,  moreover, 
generally  exceedingly  small. 

In  pot  3,  also  with  soil-extract,  and  with  very  extended 
above-ground  growth,  there  was  also  an  immense  development 
of  root  and  root-fibre,  through  the  whole  area  of  the  sand  ;  the 
greatest  accumulation  being  in  the  upper  and  lower  portions  of 
the  pot,  with  less  in  the  middle.  There  were  again  many 
nodules,  but  very  small,  and  probably  fewer  than  on  the  roots 
in  pot  2.  All  the  nodules  were  single,  and  fairly  distributed 
over  the  whole  root  area. 

In  pot  4,  with  garden  soil,  and,  as  with  the  peas,  less  extended 
but  more  vigorous  and  more  matured  growth  than  in  sand  with 
soil-extract  only,  there  was  a  moderate  amount  of  root  and  of 
root-fibre,  chiefly  within  the  upper  six  inches  of  depth;  but 
there  was  altogether  very  much  less  of  root  development  than  in 
either  pot  2  or  pot  3,  with  the  sand  and  soil-extract.  ITiere  were 
many  nodules,  but  all  single  and  very  small ;  and  they  appeared 
to  be  flattened,  as  if  exhausted  of  their  contents. 

Here,  then,  with  the  vetches,  as  with  the  peas,  the  very  re- 
stricted above-ground  growth  in  pot  1,  without  soil-extract 
seeding,  was  associated  with  very  limited  root  development,  and 
with  the  entire  absence  of  nodule-formation.  On  the  other 
hand,  the  greatly  extended  vegetative  growth  in  pots  2  and  3, 
with  soil-extract,  was  associated  with  an  immense  development 
of  root  and  root-fibre,  and  with  the  formation  of  numerous 
nodules.  Again,  in  the  garden  soil,  with  its  liberal  supply  of 
combined  nitrogen,  there  was  much  less  development  of  roots, 
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and  lees  also  of  nodules,  than  in  the  pots  with  sand  and  soil- 
extract  only. 

JOasUyj  without  soil-extract  seedingy  and  with  no  nodules,  there 
was  no  gain  of  nitrogen;  whilst,  vnth  soil-extract,  and  with 
numerovs  7U>dniles,  there  was  considerable  gain  of  nitrogen ;  there 
beingy  with  much  less  nitrogen  in  tlie  seed,  and  about  the  same 
amourU  in  the  products,  as  in  tJie  corresponding  experiments  with 
pecu,  very  many  times  oa  much  nitrogen  in  the  vegetable  matter 
produced  as  in  the  seed  sown. 

As  already  said,  the  experiments  with  blue  lupins  failed. 
Those  with  yellow  lupins,  however,  gave  very  striking  results. 

As  in  the  case  of  the  other  plants  grown  in  1889,  the  yellow 
Inpin  seeds  were  sown  on  July  10,  three  being  put  into  each 
pot.  There  were  some  re-sowings,  some  seeds  taken  out,  and 
eventually  two  plants  were  left  in  each  pot.  By  the  end  of 
July  the  plants  in  pots  2  and  3,  with  the  lupin  soil-extract 
Beading,  already  showed  more  growth  than  those  in  pot  1  with- 
out it.  Photographs  of  the  plants  were  taken  on  August  3, 
August  20,  September  27,  October  28,  and  November  29 ;  and 
the  plants  were  taken  up  on  December  7. 

The  plants  in  pot  1,  with  sand  without  soil-extract  seeding, 
scarcely  appeared  above  the  rim  of  the  pot,  one  being  only  about 
1^,  and  the  other  only  2f  inches  high.  In  pot  2,  with  lupin 
soil-extract  seeding,  one  plant  was  about  24,  and  the  other  18^ 
inches  high ;  both  spreading  much  beyond  the  width  of  the 
pot.  In  pot  3,  also  with  lupin  soil-extract  seeding,  one  plant 
was  more  than  24,  but  the  other  little  more  than  8  inches  high. 
In  &ct,  in  both  the  pots,  with  quartz  sand,  ash,  &c.,  and  soil- 
extract  seeding  only,  the  plants  developed  considerably  more 
than  those  in  pot  4,  with  the  lupin-soil  itself;  one  of  these 
being  only  about  16  inches,  and  the  other  about  18^  inches 
high,  and  both  less  branchiug  than  those  in  pots  2  and  3. 

Unlike  the  peas  and  vetches,  the  yellow  lupins  with  soil- 
extract  seeding  only,  flowered  and  podded  freely.  Thus,  in  pot  2, 
one  plant  flowered  only,  but  the  other  had  nine  small  pods ; 
and  in  pot  3,  one  had  four  large  and  three  small  pods,  and  the 
other  a  flower  forming.  There  were  also  in  pot  4,  with  lupin- 
soil,  on  one  plant  five  pods,  and  on  the  other,  six.  The 
general  result  was  that,  in  the  quartz  sand  with  lupin  spil- 
extract  seeding,  the  plants  not  only  produced  a  great  deal  more 
vegetable  matter  than  those  in  the  lupin  sand  itself,  but  they  as 
freely  flowered  and  seeded. 

In  pot  1,  without  soil-extract,  and  very  restricted  above- 
ground  growth,  there  was  coincidently  very  little  root  develop- 
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ment ;  the  main  roots  descended  far  down  the  deep  pot  almost 
without  branching,  but,  at  the  bottom,  a  number  of  branches  and 
a  mass  of  root-fibre  were  produced ;  the  root-fibres  were  fleshy 
and  succulent.    No  root-swellings  or  nodules  were  found. 

In  pot  2,  with  the  lupin  soil-extract  seeding,  and  luxuriant 
and  maturing  above-ground  growth,  there  was,  on  the  other 
hand,  a  very  great  development  of  root.  Branches  were  thrown 
out  throughout  the  whole  length ;  and  at  their  ends  masses  of 
fleshy  fibres  were  formed,  which  were  thickly  coated  with  root* 
hairs.  On  the  main  root  of  one  plant,  about  three  inches  down, 
there  was  a  large  swelling  or  nodule  the  size  of  a  field  bean  ; 
four  inches  lower  there  were  three  smaller  ones  on  a  side  branch ; 
ten  inches  down,  there  were  three  as  large  as  peas ;  and  lower 
still,  there  was  another  small  swelling,  more  like  the  nodules 
found  on  other  plants.  The  other  plant  had  less  root  growth. 
One  and  a  half  inch  down  there  was  a  swelling  the  size  of  a  small 
pea ;  and  between  four  and  five  inches  lower  there  were  three 
swellings,  one  as  large  as  a  bean,  and  the  others  about  the  size 
of  a  vetch  seed.  These  swellings  on  the  lupin  roots,  which  were 
all  on  the  main  roots  or  thicker  branches,  were  very  difierent  in 
appearance-firom  the  nodules  on  the  pea  and  vetch  roots.  They 
were,  as  described,  swellings,  encasing  the  root  where  they  grew. 

In  pot  3,  also  with  lupin  soil-extract  seeding,  the  plant 
which  ^owed  both  great  above-ground  luxuriance  and  great 
seed-forming  tendency,  developed  an  immense  amount  of  branch- 
ing root,  with  a  great  deal  of  root-fibre,  which  extended  through- 
out the  sand,  but  to  a  greater  degree  in  the  lower  than  in  the 
upper  half  of  the  pot.  The  main  root  was  woody  near  the  top. 
The  lower  root-fibres  were  fleshy  and  thickly  coated  with  root- 
hairs.  There  were  several  swellings  or  nodules  on  the  main 
root  below  5  inches ;  and  lower  down  on  a  root  branch  there 
were  several  swellings ;  there  being  in  all  twelve  on  this  plant. 
The  roots  of  the  less  luxuriant  and  less  matured  plant  were 
smaller  and  more  meagrely  developed ;  about  10  inches  down 
there  were  two  bunches  of  small  nodules,  and  three  single 
nodules;  and  a  little  lower  on  a  side  branch  another  small 
nodule. 

With  regard  to  the  great  development  of  the  root-hairs  on 
the  fine  fibrils  of  the  roots  in  both  pots  2  and  3,  with  quartz 
sand  and  lupin  soil-extract  seeding,  it  may  be  supposed  that  this 
was  an  efibrt  to  acquire  mineral  nutriment,  in  quantity  commensu- 
rate with  the  large  amount  of  nitrogen  fixed,  and  of  nitrogenous 
nutriment  so  rendered  available  to  the  plant. 

In  pot  4,  with  the  lupin-soil  itself,  and  less  luxuriant  above- 
ground  growth,  the  distribution  of  root  was  also  very  difiTerent 
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from  that  in  pots  2  and  3  with  the  soil-extract  only.  The  main 
root,  at  a  depth  of  2  inches,  threw  out  many  thread-like  branches, 
at  the  end  of  each  of  which  there  was  a  bnndle  of  fine  fibre. 
The  lower  fibres  became  thicker,  and  were  white  and  fleshy ;  but 
they  were  without  the  marked  development  of  root-hairs  ob- 
served in  such  abundance  in  pots  2  and  3.  Most  of  the  root 
was  within  6  inches  of  the  surface,  and  there  seemed  to  be  none 
below  14  inches.  One  or  two  inches  from  the  surface  there  were 
swellings  on  the  main  roots,  which  were  less  raised,  but  more 
spreading,  than  those  on  the  roots  in  pots  2  and  3.  There  were 
also,  on  one  side  branch,  six  very  smaU  nodules. 

To  sum  up  in  regard  to  the  yellow  lupins :  in  the  sterilised 
quartz  sand,  without  soil-extract  seeding,  the  growth  was  ex- 
tremely limited,  both  above  and  under  ground.  Under  the  in- 
fluence of  the  lupin  soil-extract  seeding,  the  above-ground  growth 
was  not  only  very  luxuriant,  but  the  plants  developed  considerable 
maturing  tendency,  flowering  and  seeding  freely.  The  develop- 
ment of  the  roots  generally,  and  that  of  swellings  or  nodules  on 
them,  were  also  very  marked.  In  pot  4,  with  the  lupin-sand 
itself,  which  would  supply  a  not  immaterial  amount  of  combined 
nitrogen,  although  the  growth  was  fairly  normal,  it  was,  both 
above  ground  and  within  the  soil,  much  less  than  in  the  pots 
with  soil-extract  only  ;  and  the  development  of  nodules  was  also 
less.  It  is  probable  that  the  less  growth  in  the  lupin-sand  itself, 
than  in  the  quartz  sand  with  soil-extract,  was  largely  due  to  the 
mnch  less  porosity  of  the  lupin  soil,  especially  when  watered. 

Again,  as  vriih  the  peas  and  the  vetches,  so  with  the  lupins, 
without  soilr-extrojct  seeding,  there  was  very  limited  growth,  no 
formaMon  of  nodules,  and  no  gain  of  nitrpgen ;  hut,  with  soil- 
extract  seeding,  there  was  luxuriant  growth,  abundant  nodule^ 
formaiion,  amd,  coinddently,  great  gain  of  nitrogen.  There  was, 
in  fad,  very  many  times  as  mu^ih  nitrogen  in  the  products  of 
growth  as  in  the  seed  sown. 

The  foregoing  results  with  peas,  vetches,  and  yellow  lupins, 
are  very  definite  and  very  striking.  They  are  abundantly  illus- 
trative of  the  fact  that  under  the  influence  of  suitable  microbe- 
seeding  of  the  soil,  there  is  nodule-formation  on  the  roots,  and, 
coinddently,  increased  growth,  and  gain  of  nitrogen  beyond 
that  supplied  in  the  soil  and  in  the  seed  as  combined  nitrogen, 
presumably  due  to  the  fixation,  in  some  way,  of  firee  nitrogen.^ 

>  MM.  Schloesing  fiU  and  Laurent  have  shown,  by  growing  LeffuminosiB 
in  closed  vessels,  and  bj  the  analysis  of  the  air  before  and  after  growth,  that 
free  nitrogen  disappeared,  in  quantity  closely  corresponding  to  that  gained  in 
growth ;  thus  establishing  the  &ict  that  the  source  of  the  gain  was  free  nitrogen 
iCom]^.  Bend.  csd.  760). 
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As  already  said,  experiments  were  also  made  with  a  fourth 
annual,  namely  beans ;  and  with  four  plants  of  longer  life- 
white  clover,  red  clover,  sainfoin,  and  lucerne.  With  some  of 
these  the  growth  was  not  so  satisfactory  as  with  the  peas,  the 
vetches,  and  the  yellow  lupins;  partly  owing  to  failure  to 
ensure  suitable  infection  of  the  roots.  But,  with  both  clovers 
there  will  doubtless  be  considerable  gain,  especially  with  the 
white  clover,  which,  however,  is  still  growing. 

In  reference  to  the  failure  of  growth  in  the  cases  where  it 
was  apparently  due  to  failure  to  obtain  suitable  microbe 
infection,  it  has  already  been  said,  that  Hellriegel  at  first 
found  great  difficulty  in  ensuring  a  good  result  with  lupins, 
serradella,  and  some  other  plants,  among  which  was  red  clover ; 
and  the  failure  to  obtain  good  results  at  Rothamsted  with  both 
blue  and  yellow  lupins  in  1888,  and  with  blue  lupins  in  1889, 
was  doubtless  partly  due  to  the  same  cause. 

As  bearing  upon  this  curious  and  interesting  point,  it  will 
be  well  briefly  to  refer  here  to  the  experiments  and  results  of 
Professor  Nobbe  on  this  subject.*  He  undertook  an  investigation, 
in  the  first  place  to  determine  whether  leguminous  trees,  as  well 
as  our  agricultural  leguminous  plants,  were  susceptible  to 
microbe  infection  and  nodule-formation ;  and  secondly  to  ascer- 
tain whether  there  is  one  nodule-forming  bacterium,  or  whether 
many  bacteria  have  the  property — each  description  of  plant,  or 
perhaps  each  group,  having  its  special  bacterium. 

The  plants  he  experimented  upon  were  peas,  yellow  lapins, 
and  beans ;  also,  as  trees,  Robinia  pstnidacacia  (locust  tree), 
Cytisus  lahumum  (laburnum),  and  Oleditschia  Macantha  (honey 
locust).  To  each  of  these  he  applied  microbe-seeding  from 
various  sources  ;  in  some  cases  only  soil-extracts,  and  in 
others  pure  cultivations,  either  from  soil-extracts,  or  from  the 
root-nodules  of  difierent  plants.  When  soil-extracts  only  were 
used  the  results  were  somewhat  irregular.  For  example,  with 
peas,  a  better  result  was  obtained  by  the  use  of  Oleditschia^ 
Robinia,  or  Cytisus,  soil-extract,  than  of  pea  soil-extract.  With 
Robinia,  on  the  other  hand,  the  best  result  was  obtained  with 
Robinia  soil-extract.  Butwhen  pure  cultivations  were  employed, 
the  general  result  was  that  more  efiect  was  produced  on  any 
particular  description  of  plant  by  the  bacteria  obtained  from  the 
same  description,  than  by  those  derived  from  other  descriptions. 
Thus,  with  peas,  there  was  more  produce,  and  more  nitrogen 
assimilated,  by  the  application  of  pure  cultivations  of  pea  nodule 
and  pea  soil  bacteria,  than  by  that  of  lupin  nodule,  lupin  soil, 

*   Vertuohe  uh&r  die  SHoltitoff-Animilation  der  Leguminoten*   F.  Nobbe, 
E.  Scbmid,  L.  HUtner,  E.  Hotter.    Versuchs-Stationen,  zxxiz.  327. 
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Bobinia  nodnle,  or  Rohinia  soil,  bacteria.  On  the  other  hand, 
the  Rohinia  nodule  bacteria,  which  showed  no  action  with  peas, 
had  marked  effects  on  Bobinia,  Still,  this  did  not  apply  in  all 
cases,  there  being  sometimes  more  produce,  and  more'  nitrogen 
gained,  under  the  influence  of  the  microbe  infection  from 
another  than  from  the  same  description  of  plant.  In  some 
cases  infection  had  more  effect  than  manuriug  with  ammonium- 
salts  or  nitrate.  Nobbe  concludes,  however,  that  the  results  can 
leave  no  doubt  that  the  pea  and  the  Rohinia  bacteria  have  dif- 
ferent physiological  actions,  which  indicate,  if  not  different 
species  or  varieties,  at  any  rate  different  race  or  nutrition  modi- 
fications. 

Beyerinck  also  concludes  that  the  various  papilionaceous 
bacteria  differ  more  than  he  had  formerly  supposed.  Thus,  he 
found  that  Vicia  Faha,  infected  with  the  bacteria  from  Omithopus, 
produced  no  nodules;  and  he  considers  that  the  difference 
between  the  bacteria  of  beans  and  serradella  accounts  for  the 
&ct  that  serradella  had  no  nodules  when  growing  in  a  garden  be- 
tween beans  which  had  numerous  nodules. 

Of  the  three  descriptions  of  leguminous  trees  upon  which 
Nobbe  experimented,  the  Rohinia  and  the  Cytisus,  which  are 
both  of  the  papilionaceous  sub-division  of  the  leguminous  family,, 
were  susceptible  to  microbe  infection,  and  nodule-formation  on 
their  roots,  and  showed  coincidently  gain  of  nitrogen  ;  but  the- 
Oleditschiaj  which  is  not  papilionaceous,  but  of  the  sub-order 
CcEsalpiniece,  was  quite  indifferent  to  such  infection,  although 
both  soil-extracts  and  pure  cultivations  from  various  sources 
were  tried.  On  the  other  hand,  it  was  found  that  the  application 
of  calcium  nitrate  and  ammonium  sulphate  gave  considerably 
increased  growth.  Nobbe  observes  that  the  roots  of  Oleditschia 
have  a  very  thick  covering  which  it  would  be  at  any  rate- 
difficult  for  the  bacteria  to  penetrate ;  but  whether  the  members 
of  this  group  generally  behave  differently  from  the  Papilionacece 
in  this  respect  remains  for  future  investigation  to  determine. 
It  is  at  any  rate  of  interest  to  note,  that  the  only  leguminous 
plant  outside  the  papilionaceous  sub-order  which  has  yet  been 
experimented  upon  has  not  been  found  susceptible  to  infection^ 
or  to  have  nodules  on  its  roots. 

Difference  in  the  External  Character  of  Leguminous 

RoOT-NODULES. 

The  conclusion  drawn  from  the  experiments  of  Nobbe  above 
cited — that  there  are  various  nodule-forming  bacteria — is  at 
any  rate  consistent  with  the  descriptions  which  have  been  given 
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of  the  plants  grown  at  Bothamsted  in  1889,  which  have  shown 
that  the  external  appearance,  and  the  distribution,  of  the  root- 
nodules  were  very  difierent  in  the  case  of  the  peas,  the  vetches, 
and  the  lupins.  In  that  of  the  peas  there  were  many  of  what 
may  be  called  agglomerations  of  nodules,  and  comparatively  few 
single  ones  distributed  on  the  root-fibres.  On  the  roots  of  the 
vetches  there  were  comparatively  few  agglomerations  or  bunches, 
and  more  single  nodules,  pretty  widely  distributed  along  the 
root-fibres.  The  lupin  roots,  on  the  other  hand,  showed  tuber- 
cular developments  very  diflFerent  from  those  on  either  the  pea 
or  the  vetch  roots.  Indeed,  at  the  period  of  examination — that 
is,  when  the  plants  were  nearly  ripe — two  apparently  distinct 
kinds  were  observed,  one  of  which,  the  most  prevalent,  has  been 
spoken  of  as  "  swellings,"  and  the  other  as  "  nodules."  The 
"  swellings "  were  chiefly  on  the  main  roots  or  the  thicker 
branches ;  where  they  grew  they  encased  the  root  entirely,  and 
they  had  a  shining  and  presumably  impervious  skin.  The 
"  nodules,"  on  the  other  hand,  were  chiefly  single,  small,  and 
distributed  on  the  root-fibres. 

Assuming  that  the  so-called  *'  swellings "  (with  their  con- 
tents) on  the  roots  of  the  lupins  were  the  bodies  which  had 
exercised  the  functions  of  the  *'  nodules  "  found  on  the  roots  of 
the  other  plants,  it  is  to  be  concluded  that,  after  the  very  luxu- 
riant growth,  and  the  flowering  and  seeding,  their  function  was 
so  far  at  an  end,  and  they  had  become  suberised.  The  other 
bodies  on  the  lupin  roots,  distinguished  in  the  detailed  descrip- 
tion as  *'  nodules,"  indicated  too  meagre  development  to  have 
had  much  share  in  the  great  amount  of  assimilation  that  had 
been  accomplished.  On  the  other  hand,  the  "  swellings,"  which, 
as  has  been  said,  were  all  on  the  main  roots  or  thicker  branches, 
were  certainly  very  characteristic  of  the  roots  of  the  lupin  plants 
which  attained  the  greatest  growth ;  and,  assuming  that  they, 
with  their  contents,  were  really  the  efiective  bodies,  it  must  be 
supposed  that  they  had  been  formed  where  they  were  found 
whilst  the  root  was  still  young,  and  had  grown  with  its  growth. 
In  favour  of  this  supposition  is  the  fact  that  the  increased 
growth  from  the  soil-extract  seeding  commenced  quite  early  in 
the  life  of  the  plants. 

The  nodules  on  the  roots  of  lucerne  growing  in  the  field 
were  observed  at  different  periods  of  the  season  in  1887,  and 
again  quite  recently  on  plants  taken  from  the  field  for  that 
purpose.  They  are  quite  different  in  general  external  character 
from  those  on  any  of  the  other  plants  that  have  been  examined 
at  Rothamsted.  Instead  of  being  more  or  less  rounded,  they 
have  more  the   appearance  of  shoots   or   buds,  much  longer 
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than  broad,  sometimes  single,  but  more  often  divided  or 
branched,  there  being  generally  two  or  three,  and  sometimes  as 
many  as  twenty,  or  even  many  more,  in  a  bunch,  joined  at  the 
base.  They  have,  so  far,  not  been  observed  on  the  main  root, 
but  only  on  the  root-fibres,  and  less  near  the  surface  than 
within  the  range  of  the  subsoil.  In  some  cases  such  a  tuft  or 
bunch  will  be  at  the  end  of  a  fine  fibre,  by  which  it  is  connected 
with  the  main  root.  As. the  season  advances  these  bodies  become 
shrivelled,  and  are  in  fact  empty  shells. 

Among  the  Leguminosce  growing  in  the  mixed  herbage  of 
grass  land,  in  1868  nodules  were  observed  on  the  root-fibres  of 
Laihyms  pratensis,  especially  near  the  surface  of  the  soil ;  on 
the  idtimate  root-fibres  of  Trifolium  pratense ;  and  on  the  smaller 
rootlets  of  Trifolium  repens. 

In  the  case  of  red  clover  growing  in  rotation  on  arable  land, 
an  abundance  of  nodules  has  been  found,  both  near  the  surface 
and  at  a  considerable  depth.  They  are  generally  more  or  less 
globular  or  oval.  Some  found  on  the  main  roots  were  more 
like  "  swellings  "  than  attached  tubercles,  not,  however,  encasing 
the  root,  but  only  on  one  side.  The  greater  number  are,  how- 
over,  small  and  distributed  chiefly  on  the  root-fibres.  Again, 
on  the  plot  of  rich  garden  soil  on  which  red  clover  has  now  been 
grown  at  Bothamsted  for  thirty-eight  years  in  succession,  very 
numerous  nodules,  chiefly  ^lobular  and  small,  have  been  found 
on  the  roote-for  the  most  part  within  the  first  few  inches  of 
soil,  but  some  to  the  depth  of  a  foot  or  more,  diminishing,  how- 
ever, very  much  both  in  number  and  in  size  as  the  clayey  subsoil 
was  reached. 

Obviously  much  more  evidence  than  the  foregoing  few 
observations  can  supply  is  needed  in  regard  to  any  difierence 
in  character,  or  relative  prevalence,  at  different  periods  in  the 
life  and  growth  of  the  plant,  and  under  different  conditions  of 
soil,  both  so  far  as  mechanical  state  and  porosity,  and  richness 
or  otherwise  in  available  supplies  of  combined  nitrogen  are  con- 
cerned, before  any  clear  conception  can  be  attained  of  the 
connection  between  nodule-formation,  luxuriance  of  growth,  and 
gain  of  nitrogen.  The  subject  in  various  aspects  is  being 
further  investigated  at  Rothamsted,  and  some  of  the  results  so 
far  obtained  will  be  briefly  referred  to  farther  on. 

How  IS  THE  Fixation  of  Niteogen  to  be  Explained? 

Reviewing  the  whole  of  the  results  which  have  been  brought 
forward,  there  can  be  no  doubt  that  the  fact  of  the  fixation  of 
free  nitrogen  in  the  growth  of  Leguminosce  under  the  influence 

c  2 
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of  suitable  microbe  infection  of  the  soil,  and  of  the  resnlting^ 
nodule-formation  on  the  roots,  may  be  considered  as  fully- 
established. 

Admitting,  then,  the  fact  of  fixation  under  the  conditions 
described,  the  question  still  remains  :  How  is  it  to  be  explained  ? 
Unfortunately,  there  is  much  yet  to  learn  before  a  satisfactory 
answer  can  be  given.  Obviously  we  must  know  more  of  the 
nature  and  mode  of  life  of  the  organisms  which,  in  symbiosis 
with  the  leguminous  plant,  bring  about  the  fixation  of  free 
nitrogen,  before  the  nature  of  the  action  can  be  understood. 
As  to  the  mode  of  life  of  these  bodies,  we  owe  much  to  the 
investigations  of  Marshall  Ward,  Prazmowski,  Beyerinck,  and 
others ;  but  the  facts  which  they  have  established  so  far  are  in- 
sufficient to  afford  an  adequate  explanation  of  the  phenomena 
involved. 

It  is  a  point  of  importance  that  it  should  be  established,  as 
it  appears  to  be,  that  in  the  development  of  the  parasite  the 
cortex  of  the  root  of  the  host  is  penetrated,  and  so  an  intimate 
connection  between  the  two — indeed,  a  symbiosis — is  set  up. 
Then  there  is  abundant  evidence  that  the  nodules  are  very  rich 
in  nitrogen.  Indeed,  in  certain  stages  of  their  development,  their 
dry  substance  may  contain  a  much  higher  percentage  of  nitrogen 
than  that  of  any  part  of  the  growing  plant  itself;  and,  in  some 
cases  at  any  rate,  even  higher  than  in  that  of  the  highly  nitro- 
genous leguminous  seed. 

Whence  comes  this  nitrogen  ?  The  views  of  those  who 
have  studied  the  histology  and  biology  of  the  subject,  without 
reference  to  quantitative  chemical  data,  do  not  seem  to  be  very 
clear  or  definite  on  the  point.  Thus,  it  has  been  assumed  that 
the  bacteria  acquire  their  nutriment,  including  their  nitrogen, 
from  the  protoplasmic  cell-contents  of  the  higher  plant ;  and 
that,  on  the  other  hand,  the  contents  of  the  bacteroid  cells  are 
resorbed.  In  other  words,  the  plant  utilises  the  substance  of 
the  bacteroids.  It  is  obvious,  however,  that,  so  far  as  the  nitrogen 
of  the  bacteria  is  derived  from  the  plant  itself,  the  latter  is  not  a 
gainer  in  a  quantitative  sense  by  its  resorption. 

It  has  further  been  assumed  that  the  activity  of  the  process 
depends  on  the  quantity  of  the  nitrogenous  compounds  at  the 
disposal  of  the  roots,  the  tubercles  developing  unhindered,  and 
becoming  large  and'typical,  in  a  soil  rich  in  nitrogen,  but  attain- 
ing no  great  size  in  poorer  soils.  The  source  of  the  nitrogen  of 
the  bacteria  is  here  supposed  to  be  combined  nitrogen  in  the 
soil.  The  experimental  results  which  have  been  described 
clearly  show,  however,  that  the  nodules  may  develop  very  plenti- 
fully^ in  a  nitrogen-free  soil,  and  that  there  may,  under  such 
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conditions,  be  great  gain  of  nitrogen  if  only  the  soil  be  suitably 
infected.  Nor  would  there  be  any  such  actual  gain  of  nitrogen  in 
nitrogen-free  soils,  as  there  undoubtedly  is,  if  the  source  of  the 
nitrogen,  either  of  the  parasite  or  of  the  host,  were  essentially 
the  supplies  of  combined  nitrogen  within  the  soil. 

Further,  one  assumption  is,  that  the  organisms  become  dis- 
tributed in  the  soil  both  during  the  life  of  the  host  and  after- 
wards, and  that  the  fixation  tak6s  place  under  their  agency 
within  the  soil  itself,  rather  than  in  the  course  of  the  develop- 
ment of  the  bacteria  in  symbiosis  with  the  higher  plant. 
Another  assumption  is,  that  the  fixation  takes  place  in  the  soil 
itself  under  the  influence  of  microbes  existing  within  it,  and 
that  the  higher  plant  assimilates  the  resulting  combined  nitrogen. 
As  bearing  upon  these  points,  it  may  be  observed  that  in  the 
experiments  with  peas  in  1888  there  was  practically  no  gain  of 
nitrogen  within  the  soil  itself,  which  it  may  be  supposed  there 
would  have  been  if  the  fixation  had  taken  place  within  it,  and 
the  host  had  acquired  its  gain  from  the  compounds  there  pro- 
duced. Indeed,  the  evidence  at  present  at  command  certainly 
does  not  point  to  the  conclusion  that  the  gain  of  nitrogen  by 
Leguminosce  under  the  influence  of  microbe  infection  of  the 
soil,  and  nodule-formation,  is  due  to  fixation  by  organisms  within 
the  soil  itself,  independently  of  the  symbiosis.  It  is  obvious, 
too,  that,  so  far  as  free  nitrogen  maybe  fixed  by  microbes  within 
the  soil,  independently  of  connection  with  a  higher  plant,  the 
resulting  nitrogenous  compounds  should,  directly  or  indirectly, 
be  available  to  plants  generally,  whether  leguminous  or  non- 
leguminous. 

On  this  point  it  may  be  remarked  that  about  thirty  years 
ago  Boussingault  concluded,  from  the  results  of  vegetation  ex- 
periments made  in  1858  and  1859  in  mixtures  of  rich  soil  and 
sand,  that  free  nitrogen  had  been  fixed  within  the  soil  by  the 
agency  of  mycodermic   vegetation,  and   that  the  nitrogenous 
products  which  remained  within  it  were  largely  in  the  form  of 
organic   detritus.     Subsequently,  however,  he  considered  that 
there  was  not  satisfactory  evidence  that  free  nitrogen  is  fixed 
within  the  soil  under  the  influence  of  the  development  of  lower 
organisms.   It  is,  nevertheless,  of  interest  to  observe  that  those  of 
his  results  in  1858  and  1859  which  showed  any  material  gain  of 
nitrogen,  either  in  the  vegetable  matter  grown,  or  in  the  soil, 
were  obtained  with  Leguminosce,  and  that  in  the  case  in  which 
there  was  the  greatest  gain  in  the  plants  themselves,  he  records 
that  there  were  numerous  tubercles  on  their  roots.     In  one  other 
case,  in  which,  however,  only  sand  was  used  as  soil,  and  the 
gain  in  the  plant  was  but  small,  he  also  observed  tubercles  on 
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tho  roots.  In  the  other  cases,  of  gain  no  mention  is  made  of 
tubercles,  and  it  may  be  that  the  roots  were  not  so  examined  as 
to  determine  whether  they  existed  or  not.  It  is,  at  any  rate, 
very  significant,  when  viewed  in  the  light  of  recently  acquired 
knowledge,  that  in  all  the  cases  of  gain  the  plants  grown  were 
of  the  leguminous  family,  and  that  in  some  of  them  nodules 
were  observed  on  the  roots. 

Again,  Berthelot's  experiments  showed  fixation  of  free  nitro- 
gen by  the  agency  of  microbes  within  the  soil,  both  in  the 
absence  of  higher  vegetation,  and  also  coincidently  with  the 
growth  of  non-leguminous  plants.     He  further  considers  that 
such  fixation  takes  place  to  an  extent  which  would  be  an  im- 
portant source  of  nitrogen  to  our  crops.     As  referred  to  above, 
Boussingault's  experiments  of  1858  and  1859  showed  fixation 
within  the  soil  which  he  then  attributed  to  the  agency  of  myco- 
dermic  vegetation.     The  fact  of  such  fixation  within  the  soil, 
under  the  influence  of  lower  plants,  has  also  been  confirmed  by  the 
recent  results  of  some  other  experimenters.  Thus,  MM.  Schloesing 
Als  and  Laurent  have  shown  fixation  in  bare  soil,  and  in  soils 
growing  various  non-leguminous  plants,  when  certain  Lichens 
and  Algae  were  developed,  but  not  when  their  occurrence  was 
prevented.     We  believe  that  Hellriegel  has  also  found  fixation 
coincidently  with  the  growth  of  certain  Algas.     Nevertheless,  it 
may  be  observed,  that  neither  experience  in  practical  agriculture, 
nor  the  nitrogen  statistics  of  soils  and  crops,  points  to  the  conclu- 
sion that  there  is  gain  of  nitrogen  to  any  material  extent  by  the 
fixation  of  free  nitrogen  under  the  agency  of  microbes  within 
the  soil  independently  of  leguminous  growth.     It  was  our  in- 
tention to  commence  experiments  on  this  subject  at  Bothamsted 
in  the  past  year  (1891),  but  we  have  not  yet  been  able  to  do  so. 
In  1888,  however,  Berthelot  made  numerous  experiments 
with  Leguminosce,  and  in  many  of  them  he  found  very  large 
gains  of  nitrogen ;  indeed,  a  much  higher  range  of  gain  than  in 
his  other  experiments.     That  there  should  be  large  gain  under 
such  conditions  is  quite  consistent  with  the  results  which  have 
been  recorded  of  the  experiments  made  at  Bothamsted  in  1888 
and  1889  with  Leguminosce,  and  with  those  previously  obtained 
by  Hellriegel  and  Wilfarth.     Further,  these  results  of  Berthelot, 
like  those  obtained  at  Bothamsted  and  by  others  with  legumin- 
ous plants,  are  consistent  with  well-established  facts  of  agricul- 
tural production,  and  with  the  nitrogen  statistics  of  soils  and 
crops,  and  serve  with  them  to  aid  the  solution  of  long-recog- 
nised problems  in  connection  with  the  growth  of  leguminous 
crops. 

But,  whether  or  not  it  may  eventually  be  established  that 
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nitTOgen  is  fixed,  to  any  material  extent,  by  microbes  within  the 
soil,  independently  of  legnminous  growth,  there  is  evidence  that 
in  soils  and  subsoils  containing  organic  nitrogen,  lower  organisms 
may  serve  the  higher  plants  by  taking  np  or  attacking  and 
bringing  into  a  more  readily  available  condition  combined  nitrogen 
not  otherwise,  or  only  very  slowly,  available  for  the  higher  plants. 
For  example,  it  is  probable  that  fungi  generally  derive  nitrogen 
from  organic  nitrogen  ;  and  in  the  case  of  those  of  fairy  rings 
there  can  be  little  doubt  that  they  take  up  from  the  soil  organic 
nitrogen  which  is  not  available  to  the  meadow  plants,  and  that 
on  their  decay  their  nitrogen  becomes  available  to  the  associated 
herbage.  Then  in  the  case  of  the  fungus  mantle,  observed  by 
Frank  on  the  roots  of  certain  trees,  it  may  be  supposed  that  the 
fungus  takes  up  organic  nitrogen,  and  so  becomes  the  medium 
of  the  supply  of  the  soil  nitrogen  to  the  plant.  More  pertinent 
still  is  the  action  of  the  nitrifying  organisms  in  rendering  the 
organic  nitrogen  of  the  soil  and  subsoil  available  to  the  higher 
plants.  It  may  well  be  supposed,  therefore,  that  there  may  be 
other  cases  in  which  lower  organisms  may  serve  the  higher, 
bringing  into  a  more  available  condition  the  combined  nitrogen 
already  existing,  but  in  a  comparatively  inert  state,  in  soils  and 
subsoils. 

But  to  return  to  the  question  of  the  explanation  of  the  un- 
doubted fixation  of  free  nitrogen  in  the  growth  of  leguminous 
crops  under  the  influence  of  suitable  microbe  infection,  and  of  the 
development  of  nodules  on  the  roots  of  the  plants. 

As  in  the  exact  quantitative  series  of  experiments  made  at 
Rothamsted  in  1888  and  since,  some  of  the  results  of  which  have 
been  given,  the  plants  were  not  taken  up  until  they  were  nearly 
ripe,  it  is  obvious  that  the  roots  and  their  nodules  could  not  be 
examined  during  growth,  but  only  at  the  conclusion,  when  it  is 
to  be  supposed  that  the  contents  of  the  nodules  would  be  to  a 
great  extent  exhausted.  Another  series  was,  therefore,  com- 
menced in  1890,  and  is  still  in  progress,  in  which  the  same  four 
annuals — peas,  beans,  vetches,  and  yellow  lupins — and  the  same 
four  plants  of  longer  life — white  clover,  red  clover,  sainfoin,  and 
lucerne — were  grown  in  specially-made  pits,  so  arranged  that 
some  of  the  plants  of  each  description  could  be  taken  up,  and 
their  roots  and  nodules  studied,  at  successive  periods  of  growth : 
the  annuals  at  three  periods — namely,  first  when  active  vegeta- 
tion was  well  established,  secondly  when  it  was  supposed  that 
the  point  of  maximum  accumulation  had  been  approximately 
reached,  and  thirdly  when  nearly  ripe  ;  and  the  plants  of  longer 
life  at  four  periods — namely,  at  the  end  of  the  first  year,  and  in 
the  flecond  year  when  active  vegetation  was  re-established,  when 
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the  point  of  maximum  accumulation  had  been  reached,  and  lastly 
when  the  seed  was  nearly  ripe.  Each  of  the  eight  descriptions 
of  plant  was  grown  in  sand  (with  the  plant-ash),  watered  with 
the  extract  from  a  rich  soil ;  also  in  a  mixture  of  two  parts  rich 
garden  soil  and  one  part  of  sand.  The  pits  with  their  plants 
were  exposed  to  the  open  air,  but  protected  from  heavy  rain. 

In  the  sand  the  infection  wa^  comparatively  local  and  limited, 
but  some  of  the  nodules  developed  to  a  great  size  on  the 
roots  of  the  weak  plants  so  grown.  In  the  rich  soil  the  infection 
was  much  more  general  over  the  whole  area  of  the  roots,  the 
nodules  were  much  more  numerous,  but  generally  very  much 
smaller.  Eventually  the  nodules  were  picked  off  tho  roots, 
counted,  weighed,  and  the  dry  substance  and  the  nitrogen  in 
them  determined. 

Taking  the  peas  as  typical  of  the  annuals,  and  the  sainfoin 
of  the  plants  of  longer  life,  the  general  result  was  that,  at  the 
third  period  of  growth  of  the  peas  in  sand,  the  amount  of  dry- 
matter  of  the  nodules  was  very  much  diminished,  the  percentage 
of  nitrogen  in  the  dry  matter  was  very  much  reduced,  and  the 
■actual  quantity  of  nitrogen  remaining  in  the  total  nodules  was 
-also  very  much  reduced.  In  fact,  the  nitrogen  of  the  nodules 
was  almost  exhausted.  The  peas  grown  in  rich  soil,  however, 
^maintained  much  more  vegetative  activity  at  the  conclusion, 
and  showed  a  very  great  increase  in  the  number  of  nodules  from 
the  first  to  the  third  period ;  and,  with  this,  there  was  also  much 
more  dry  substance,  and  even  a  greater  actual  quantity  of  nitro- 
gen, in  the  total  nodules  at  the  concrusion.  Still,  as  in  the  peas 
.grown  in  sand,  the  percentage  of  nitrogen  in  the  dry  substance 
of  the  nodules  was  very  much  reduced  at  the  conclusion. 

In  the  case  of  the  plant  of  longer  life,  the  sainfoin,  there  was, 
both  in  sand  and  in  soil,  very  great  increase  in  the  number  of 
nodules,  and  in  the  actual  amount  of  dry  substance  and  of  nitro- 
gen in  them,  as  the  growth  progressed.  The  percentage  of 
nitrogen  in  the  dry  substance  of  the  nodules  also  showed,  even 
in  the  sand,  comparatively  little  reduction,  and  in  the  soil  even 
an  increase.  In  fact,  separate  analyses  of  nodules  of  different 
character  or  in  different  conditions  showed  that,  whilst  some 
were  more  or  less  exhausted  and  contained  a  less  percentage 
of  nitrogen,  others  contained  a  high  percentage,  and  were  doubt- 
less new  and  active. 

Thus,  the  results  pointed  to  the  interesting  conclusion  that, 
in  the  case  of  the  annual,  when  the  seed  is  formed,  and  the 
plant  more  or  less  exhausted,  both  the  actual  amount  of  nitrogen 
in  the  nodules,  and  its  percentage  in  the  dry  substance,  are 
greatly  reduced ;  but  that,  with  the  plant  of  longer  life,  although 
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the  earlier  formed  nodules  become  exhausted,  others  are  con- 
BtantJy  produced,  thus  providing  for  future  growth.  The  results 
of  this  new  series  of  experiments,  taken  together  with  those  of 
the  quantitative  series,  also  serve  further  to  show  that  there  is 
intimate  connection  between  the  gain  of  nitrogen  by  Leguminosce 
and  the  development  of  nodules  on  their  roots. 

The  alternative  explanations  of  the  fixation  of  free  nitrogen 
seem  to  be — 

1.  That,  under  the  conditions  of  the  symbiosis,  the  plant  is 
enabled  to  fix  the  free  nitrogen  of  the  atmosphere  by  its  leaves. 

2.  That  the  nodule-organisms  become  distributed  within  the 
soil,  and  there  fix  free  nitrogen ;  the  resulting  nitrogenous  com- 
pounds becoming  available  as  a  source  of  nitrogen  to  the  roots 
of  the  higher  plant. 

3.  That  firee  nitrogen  is  fixed  in  the  course  of  the  develop- 
ment of  the  organisms  within  the  nodules,  and  that  the  resulting 
nitrogenous  compounds  are  absorbed  and  utilised  by  the  host. 

It  certainly  seems  to  us  that  the  balance  of  the  evidence  at 
present  at  command  is  much  in  favour  of  the  third  mode  of  ex- 
planation. Indeed,  there  seems  little  or  nothing  in  the  facts  to 
lead  to  the  conclusion  that  under  the  influence  of  the  symbiosis 
the  higher  plant  itself  is  enabled  to  fix  the  free  nitrogen  of  the 
air  by  its  leaves.  Nor  does  the  evidence  point  to  the  conclusion 
that  the  nodule-bacteria  become  distributed  through  the  soil 
and  there  fix  free  nitrogen,  the  compounds  of  nitrogen  there 
produced  being  taken  up  by  the  higher  plant.  It  seems  more 
consistent,  both  with  the  experimental  results,  and  with  general 
views,  to  suppose  that  the  nodule-bacteria  fix  free  nitrogen 
within  the  higher  plant,  and  that  the  nitrogenous  compounds 
produced  are  absorbed  and  utilised  by  the  plant.  In  other 
words,  there  does  not  seem  to  be  any  evidence  that  the  higher 
chlorophyllous  plant  itself  fixes  free  nitrogen,  or  that  the  fixation 
takes  place  within  the  soil ;  but  it  is  much  more  probable  that 
the  lower  organisms  fix  the  fi'ee  nitrogen.  If  this  should  eventu- 
ally be  established,  we  have  to  recognise  a  new  power  of  living 
organisms — that  of  assimilating  an  elementary  substance.  But 
this  would  only  be  an  extension  of  the  fact  that  lower  organisms 
are  capable  of  performing  assimUation-work  which  the  higher 
cannot  accomplish ;  whilst  it  would  be  a  further  instance  of 
lower  organisms  serving  the  higher.  Finally,  it  may  here  be 
observed  that  Loew  has  suggested  that  the  vegetable  cell,  with 
its  active  protoplasm,  if  in  an  alkaline  condition,  may  fix  free 
nitrogen  with  tiie  formation  of  ammonium  nitrite.  Without 
passing  any  judgment  on  this  point,  it  may  be  stated  that  it  hats 
frequently  been  found  at  Bothamsted  that  the  contents  of  the 
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nodules  have  a  weak  alkaline  reaction  when  in  apparently  an 
active  condition — that  is  whilst  still  flesh-red  and  glistening. 

It  will  be  seen  that  the  experimental  results  which  have 
been  brought  forward  constitute  only  a  small  proportion  of 
those  already  obtained,  or  yet  to  be  obtained,  at  Rothamsted ; 
and  it  is  hoped  that,  in  the  course  of  the  further  prosecution  of 
the  investigations  which  have  been  undertaken,  more  definite 
answers  will  be  forthcoming  to  some  of  the  admittedly  still  open 
questions  in  connection  with  this  interesting  and  important 
subject. 

Of  what  Importance  to  Agriculture  is  the  Newly- 
recognised   Source    of   Nitrogen  to  Leguminous  Crops  ? 

The  question  yet  remains : — ^What  is  the  practical  importance 
of  the  newly-recognised  source  of  nitrogen  to  the  Leguminosce^ 
considered  in  its  bearing  on  the  known  facts  of  agricultural 
production,  and  especially  on  the  question  of  the  sources  of  the 
nitrogen,  not  only  of  leguminous  crops  themselves,  but  of  crops 
generally  ?  Unfortunately,  as  in  the  matter  of  the  explanation 
of  the  action  by  which  the  nitrogen  is  fixed,  there  is  much  yet 
to  learn  before  an  adequate  answer  can  be  given.  Still  it  is 
desirable  to  report  progress. 

We  have  said  that  whilst  experience,  whether  practical  or 
experimental,  did  not  point  to  an  unsolved  problem  in  the 
matter  of  the  sources  of  the  nitrogen  of  the  agricultural  plants 
of  other  families,  it  was  quite  otherwise  so  far  as  those  of  the 
Leguminosce  were  concerned.  It  is  true,  that  both  agricultural 
investigation,  and  direct  vegetation  experiment,  have  clearly 
shown  that  Leguminosce  do  take  up  much  soil-nitrogen,  and,  at 
any  rate  in  great  part,  as  nitrate.  But  it  is  admitted  that,  in 
the  case  of  some  direct  experiments  bearing  on  the  point,  the 
evidence  was  not  such  as  to  justify  the  conclusion  that  the 
whole  of  the  nitrogen  had  been  so  derived;  and  that  hence 
some  other  e^lanation  of  the  large  amounts  assimilated  was 
needed. 

It  has  been  seen  that  the  balance  of  experimental  evidence  is 
against  the  supposition  that  the  higher  plants  themselves  can 
assimilate  free  nitrogen.  But,  it  is  now  established  that,  at  any 
rate  in  the  case  of  some  leguminous  plants,  they  gain  nitrogen 
coincidently  with  the  development  on  their  roots  of  tubercular 
bodies  containing  bacteria;  and  the  evidence  points  to  the  con- 
clusion that  it  is  the  lower  organisms,  and  not  the  higher 
plants,  that  fix  free  nitrogen. 

It  has  been  stated  that  the  characteristic  nodules  have  been 
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fonnd  on  the  roots  of  varions  leguminous  plants  growing  among 
the  mixed  herbage  of  grass-land^  and  also  on  those  of  others 
growing  on  arable  land,  in  the  ordinary  course  of  agriculture. 
There  can  be  little  doubt  that,  when  such  plants  are  growing  in 
soil  and  subsoil  containing  an  abundance  of  combined  nitrogen, 
they  will  obtain  some  of  their  nitrogen  from  nitrates,  or  other 
ready-formed  compounds  of  nitrogen.  It  has  further  been  sug- 
gested, that  lower  organisms  may  serve  the  higher,  at  any  rate 
in  part,  by  bringing  the  combined  nitrogen  existing  in  the  soil 
and  subsoil  in  a  comparatively  inert  state,  into  a  more  readily 
available  condition.  An  obvious  difficulty  in  the  way  of  the 
assumption,  that  much  of  the  greater  assunilation  of  nitrogen  by 
the  Leguminosas  than  by  other  plants  is  due  to  a  supply  of  nitric 
acid  by  the  nitrification  of  the  combined  nitrogen  of  the  subsoil, 
is  that  the  direct  application  of  nitrates  as  manure  has  compara- 
tively little  efiect  on  the  growth  of  such  plants.  In  the  case  of 
the  direct  application  of  nitrates,  however,  the  nitric  acid  will 
percolate  chiefly  as  nitrate  of  soda  or  nitrate  of  lime,  unaccom- 
panied by  the  other  necessary  mineral  constituents  in  an  avail- 
able condition ;  whereas,  in  the  case  of  nitric  acid  being  formed 
as  a  result  of  action  on  the  organic  nitrogen  of  the  subsoil,  it  is 
probable  t'hat  it  will  be  associated  with  other  constituents,  liber- 
ated, and  so  rendered  available,  at  the  game  time.  But,  so  far 
BS  the  plants  obtain  nitrogen  derived  from  the  fixation  of  free 
nitrogen,  the  question  arises — under  what  conditions  will  this 
supply  come  the  more  or  the  less  into  play  ? 

In  some  of  the  experiments  made  in  pots  at  Rothamsted, 
the  results  of  which  have  been  given,  there  was  a  less  develop- 
ment of  nodules  on  the  roots  when  soil  containing  an  abundance 
of  combined  nitrogen  was  used,  than  when  nitrogen-free  sand 
was  employed.  But,  the  less  growth,  and  the  less  formation  of 
nodules  in  the  rich  soil,  was  supposed  to  be  due  to  clotting,  and 
therefore  to  defective  porosity,  especially  after  watering.  On 
the  other  hand,  as  already  said,  some  experimenters  have  con- 
cluded that  the  activity  of  the  process  depends  on  the  quantity 
of  nitrogenous  compounds  at  the  disposal  of  the  roots ;  the 
nodules  developing  unhindered,  and  becoming  large  and  typical 
in  soils  rich  in  nitrogen,  whilst  in  soils  poor  in  nitrogen  they 
attain  no  great  size. 

In  the  later  series  of  experiments  made  at  Bothamsted, 
those  conducted  in  pits  in  the  open  air,  to  which  brief  reference 
has  been  made,  the  general,  though  not  the  invariable,  result 
was,  however,  that  there  was  a  much  greater  number  of  nodules 
formed  on  the  roots  of  the  plants  growing  in  rich  soil  than  on 
those  grown  in  sand.     But  whilst  as  a  rule  the  individual,  but 
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much  fewer  nodules  on  the  roots  grown  in  sand,  developed  to  a 
macli  greater  size ;  the  much  larger  number  in  the  soil  were 
very  much  smaller. 

As  to  the  smaller  number  of  nodules  formed  in  sand  than 
in  rich  soil,  the  explanation  may  simply  be  that,  as  in  the  sand 
the  infection  was  dependent  on  the  additions  of  rich  soil-extract 
only,  the  diffusion  of  the  microbes  would  be  only  limited,  and  the 
infection  of  the  roots  therefore  only  local  or  accidental ;  whilst 
the  much  greater  size  of  the  individual  nodules  may  be  due  to 
the  want  of  power  in  the  more  weakly  plant  growing  in  nitrogen- 
free  soil  to  resist  the  free  development  of  the  parasite.  On  the 
other  hand,  in  the  mixture  of  rich  soil  and  sand,  the  microbes 
would  probably  be  distributed  throughout  it,  and  the  roots 
accordingly  exposed  to  infection  along  their  whole  range.  The 
much  less  development  of  the  individual  but  more  numeroas 
nodules  in  the  rich  soil  may  be  due  to  one  of  two  very  different 
causes.  It  may  be  that  although  the  more  vigorous  plants  grown 
in  the  rich  soil  could  not  resist  the  original  infection,  they  were 
able  to  resist  the  further  development  of  the  parasite ;  or,  it 
may  be,  that  with  the  more  vigorous  growth  the  nodules  were 
more  rapidly  exhausted  of  their  contents  to  feed  the  .host.  It 
will  be  obvious  that,  on  the  former  supposition,  some  of  the 
nitrogen  of  the  restrictedly  developed  individual  nodules  may 
have  been  obtained  from  the  nitrogenous  matters  of  the  plant 
itself  derived  from  soil-nitrogen,  in  which  case  the  gain  from 
fixation  would  be  less  than  would  otherwise  be  indicated  by 
the  great  number  of  nodules  produced  i  and  in  favour  of  this 
supposition,  which  implies  that  in  the  early  stages  of  the  infec- 
tion the  bacteria  derive  nitrogenous  nutriment  from  the  stores 
of  the  higher  plant  itself,  and  only  later  from  the  fixation  of  free 
nitrogen,  is  the  fact  of  the  observed  "  nitrogen  hunger  stage  " 
so  characteristic  of  plants  for  some  time  after  infection,  when 
growing  in  nitrogen-free  soil,  probably  indicating  that  during 
that  period  the  limited  stores  of  the  plant  are  being  drawn  upon. 
On  the  second  supposition,  on  the  other  hand — ^that  the  small- 
ness  of  the  nodules  was  due  to  their  rapid  exhaustion  by  the 
host — it  might  be  that  more  of  the  nitrogen  of  the  nodules  would 
be  due  to  fixation,  and  that  hence  a  larger  proportion  of  the 
total  nitrogen  of  the  plant  would  be  gain  attributable  to  that 
source. 

Obviously  more  evidence  is  needed  before  a  decisive  opinion 
can  be  formed,  as  to  how  far  fixation  of  free  nitrogen  is  an 
essential  coincident  of  nodule-development  at  all  its  stages  of 
accumulation,  and  how  far  therefore  the  amount  of  nodule- 
formation  may  be  taken  as  a  fair  measure  of  the  fixation. 
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It  is  to  be  supposed  that  when  nodnles  develop  abundantly 
on  the  roots  of  leguminous  plants  growing  in  soil  rich  in  readily 
available  combined  nitrogen,  the  nitrogen  assimilated  will  be 
partly  due  to  soil  supplies  of  combined  nitrogen,  and  partly  to 
fixation.  That  there  is  gain  when  red  clover,  for  example, 
grows  luxuriantly  on  ordinary  arable  soil,  common  experience 
can  leave  but  little  doubt.  The  evidence  of  fixation  is,  however, 
undoubtedly  much  the  clearer  in  the  case  of  soils  poor  in  nitro- 
gen. Thus,  in  the  cases  of  the  experiments  with  peas,  vetches, 
and  yellow  lupins,  growing  in  nitrogen-free  but  duly  infected 
sand,  there  being  no  other  supply  of  combined  nitrogen  than  that 
in  the  seed  sown,  the  proportion  of  the  total  assimilation  due  to 
fixation  was  undoubtedly  very  large.  It  may  safely  be  concluded, 
indeed,  that  when  luxuriant  leguminous  crops  are  obtained  on 
soils  characteristically  poor  in  available  combined  nitrogen,  a 
large  proportion  of  the  total  nitrogen  assimilated  will  be  due  to 
fixation.  It  is,  on  the  other  hand,  by  no  means  so  clear  that, 
when  such  plants  are  grown  in  soil  rich  in  available  combined 
nitrogen,  an  abundant  development  of  nodules  is  to  be  taken  as 
indicatiug  that  a  correspondingly  great  proportion  of  the  total 
nitrogen  assimilated  is  due  to  fixation. 

There  can,  however,  be  little  doubt  that  in  the  growth  in 
practical  agriculture  of  leguminous  crops,  such  as  clover,  vetches, 
peas,  beans,  sainfoin,  lucerne,  &c.,  at  any  rate  some,  and  in 
some  cases  a  considerable  proportion,  of  the  large  amount  of 
nitrogen  which  they  contain,  and  of  the  large  amount  which 
they  frequently  leave  as  nitrogenous  residue  in  the  soil  for 
future  crops,  is  due  to  the  fixation  of  free  nitrogen,  brought  into 
combination  by  the  agency  of  lower  organisms.  Evidence  is, 
however,  obviously  still  wanting,  to  enable  us  to  judge  decisively 
under  what  conditions  a  greater  or  less  proportion  of  the  total 
nitrogen  of  the  crop  will  be  derived— on  the  one  hand  from 
nitrogen-compounds  within  the  soil,  and  on  the  other  from 
fixation. 

Incidentally,  the  question  suggests  itself— how  far  the 
failure  of  red  clover,  or  of  other  leguminous  crops,  may  be  due 
to  the  exhaustion  of  the  organisms  necessary  for  nodule 
development,  and  for  the  coincident  fixation  of  free  nitrogen ; 
how  far  to  the  exhaustion  of  combined  nitrogen,  or  of  the  neces- 
sary mineral  constituents,  in  an  available  condition,  within  the 
range  of  the  roots;  or,  as  is  sometimes  the  case,  to  insect 
ravages  depending  on  the  condition  of  the  soil  independently  of 
an  otherwise  failing  condition  of  the  plant. 

Assuming  it  then  to  be  established,  that  a  greater  or  less, 
and  sometimes  a  considerable  proportion,  of  the  nitrogen  of  our 
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legaminous  crops  will  be  due  to  fixation  under  the  conditions 
supposed,  it  is  obvious  that  such  a  fact  not  only  serves  to  explain 
the  source  of  the  hitherto  unaccounted-for  amount  of  the 
nitrogen  of  those  crops  themselves,  but  that  it  also  afibrds  an 
explanation  of  the  source  of  the  increased  amount  of  nitrogen 
which  other  crops  acquire,  when  they  are  grown  in  association, 
or  in  alternation,  with  Leguminosce.  Lastly,  the  fact  that,  at  any 
rate  many  leguminous  plants,  including  papilionaceous  shrubs 
and  trees,  as  shown  by  Nobbe,  are  susceptible  to  the  symbiosis 
and  under  its  influence  may  gain  much  nitrogen,  serves  to 
explain  the  source  of  some,  at  least,  of  the  large  amount  of 
combined  nitrogen  accumulated  through  ages  in  our  soils  and 
subsoils,  and  also  the  comparatively  slow  exhaustion  of  their 
stores  of  it,  by  cropping,  drainage,  and  in  other  ways. 

We  will,  in  conclusion,  refer  to  some  of  the  more  directly  prac- 
tical aspects  of  the  subject.  It  may  be  observed  that  in  Germany, 
Schultz,  ofLupitz,  has  for  some  years  devoted  a  considerable  area 
of  poor  gravelly  and  sandy  soil  to  the  growth  of  leguminous  crops 
— various  clovers,  lupins,  serradella  (Ornithopiis  sativiis),  &c. — ^by 
means  of  kainit  and  phosphatic  manures,  and  he  has  found  the 
land  thereby  very  much  enriched  for  future  cereal  and  other  crops. 
He  finds,  however,  that  it  is  necessary  to  vary  the  description 
of  leguminous  crop  grown.  In  various  parts  of  Germany,  too, 
the  system  is  gradually  extending  of  growing  lupins,  serradella, 
or  other  leguminous  crops,  especially  on  poor  sandy  soils,  with  a 
view  to  their  enrichment  in  nitrogen.  And,  on  a  large  estate  in 
Hungary,  it  was  found  that  the  results  of  the  recent  investiga- 
tions indicating  the  fixation  of  free  nitrogen  in  the  course  of  the 
development  of  leguminous  crops  were  being  carefully  studied 
with  a  view  to  practical  application. 

In  our  own  country,  Mr.  Mason,  of  Eynsham  Hall,  Oxford- 
shire, commenced  in  1889  some  experiments  with  various 
Leguminosce  on  small  plots ;  and  in  1890  a  considerable  series 
in  specially-built  tanks  or  pits,  in  which  he  has  grown  various 
leguminous  agricultural  plants,  as  well  as  some  leguminous 
shrubs,  with  a  view  to  the  study  of  their  root  and  nodule 
development,  and  the  connection  of  these  with  luxuriance  of 
growth,  and  gain  of  nitrogen.  He  has  also  devoted  about  200 
acres  to  the  practical  application  of  the  recently  acquired 
knowledge  in  regard  to  nitrogen  fixation.  Stated  in  a  few 
words,  his  idea  is,  to  reduce  his  area  under  roots,  and  to 
grow  instead  mixed  crops  of  Leguminosce  —  beans,  various 
clovers,  &c. — ^liberally  manured  with  basic  slag  and  kaioit, 
and  to  convert  the  produce  in  the  first  year  into  silage,  and 
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in  the  second  into  hay.  The  land  is  thus  occupied  for  two 
years,  and  the  assumption  is,  that  in  this  way  highly  nitrogenous 
crops  will  be  obtained  with  mineral  but  without  any  nitrogenous 
manure,  and  that  the  land  will  be  left  in  high  condition  so  far 
as  nitrogen  is  concerned  for  the  growth  of  saleable  crops,  such 
as  potatoes,  or  grain,  which  require  nitrogenous  manuring.  In 
other  words,  the  plan  is,  as  he  puts  it,  first  to  grow  nitrogen- 
accuxaulating  crops  for  home  consumption,  and  afterwards 
nitrogen-consuming  crops  for  sale.  The  experiment  has  been 
in  progress  too  short  a  time  to  judge  how  &r  it  will  be  success- 
fol  in  a  series  of  years,  or  of  rotations.  It  is  at  any  rate  pretty 
certain  that,  to  obtain  luxuriant  leguminous  crops  so  frequently 
as  the  plan  supposes,  it  will  be  necessary  that  the  description 
of  plant  grown  should  be  varied  from  time  to  time.  It 
has  also  yet  to  be  determined,  to  what  extent  the  nitrogen 
removed  in  the  leguminous  crops  and  made  into  silage  or  hay 
must  be  returned  to  the  land  in  the  form  of  manure ;  or  whether 
part  of  the  green  crop  should  be  consumed  on  the  land,  or 
ploughed  in,  for  the  after-growth  of  the  saleable  crops. 

There  is,  of  course,  nothing  new  in  the  fact  that,  after  the 
growth  of  a  leguminous  crop,  such  as  red  clover  for  example, 
the  soil  is  lefb  in  a  higher  condition  for  the  subsequent  growth 
of  a  grain  crop ;  and  that,  in  fact,  the  growth  of  such  a  legu- 
minous crop  IB  to  a  great  extent  equivalent  to  the  application 
of  a  nitrogenous  manure  for  the  cereal.  Indeed,  history  tells 
us  that  more  than  two  thousand  years  ago  it  was  recognised 
by  the  Romans  that  the  occasional  growth  of  plants  of  the 
leguminous  family  had  the  effect  of  increasing  the  growth  of 
the  gramineous  crops  with  which  they  were  alternated,  and  it 
was  stated  that  the  effect  was  equivalent  to  that  of  applying 
manure.  Thus  Varro  says  that,  "  Certain  things  are  to  be 
sown,  not  with  the  hope  of  any  immediate  profit  being  derived 
from  them,  but  with  a  view  to  the  following  year,  because, 
being  ploughed  in  and  then  left  in  the  ground,  they  render  the 
soil  afterwards  more  fruitful;"  and  the  plants  used  for  this 
purpose  were  lupins,  beans,  vetches,  and  other  legumes. 

Now,  however,  that  the  character  of  the  action  is  more 
clearly  understood,  and  it  is  certain  that  there  is  actual  gain 
of  nitrogen  from  sources  external  to  the  soil  itself,  it  seems 
desirable  that  at  any  rate  tentative  trials  should  be  made  on 
different  descriptions  of  soil,  with  the  view  of  ascertaining 
whether  more  advantage  cannot  be  taken  of  this  source  of  nitro- 
gen than  our  established  practices  of  rotation  at  present  secure. 

The  experimental  results  which  have  been  brought  forward 
clearly  establish  that  there  is  great  gain  of  nitrogen  under 
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some  conditions.  It  has  also  been  clearly  shown,  that  dae  in- 
fection of  the  soil  and  of  the  plant  is  an  essential  to  success. 
The  evidence  at  the  same  time  points  to  the  conclnsion  that 
the  soil  may  be  duly  infected  for  the  growth  of  one  description 
or  some  descriptions  of  plant,  but  not  for  some  other  descrip- 
tions. The  field  experiments  on  leguminous  crops  at  Rotham- 
sted  have  further  shown,  that  land  which  is,  so  to  speak,  quite 
exhausted  so  far  as  the  growth  of  one  leguminous  crop  is 
concerned,  may  still  grow  very  luxuriant  crops  of  another 
description  of  the  same  family,  but  of  different  habits  of  growth, 
and  especially  of  different  character  and  range  of  roots.  ThJIs 
result,  though  undoubtedly  more-  or  less  due  to  other  causes 
also,  is,  nevertheless,  in  some  cases  doubtless  dependent  on  ih.Q 
existence,  the  distribution,  and  the  condition,  of  the  appropriate 
microbes  for  the  due  infection  of  the  different  descriptions  of 
plant.  In  fact,  it  is  pretty  certain  that  success  in  any  system 
involving  a  more  extended  growth  of  leguminous  crops  in  our 
rotations  will  not  be  attained  without  having  recourse  to  a 
considerable  variation  in  the  description  of  leguminous  plant 
grown.  Other  essential  conditions  of  success  will  generally  be 
the  liberal  application  of  potash  and  phosphatic  manures,  and 
sometimes  chalking  or  liming,  for  the  leguminous  crop.  Then, 
the  questions  would  arise — how  long  the  leguminous  crop  should 
occupy  the  land  ;  to  what  extent  it  should  be  consumed  on  the 
land,  or  the  manure  from  its  consumption  be  returned ;  or,  under 
what  conditions  the  whole,  or  part,  of  it  should  be  ploughed  in  ? 
Lastly,  it  is  probable  that  more  benefit  would  accrue  to  the  lighter 
and  poorer  than  to  the  heavier  or  richer  soUs  byiny  such  ex- 
tended growth  of  leguminous  crops. 

J.  B.  Lawes. 

J.  fa.  Gilbert. 
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The  passing  of  the  Allotments  Acts  of  1887  and  of  1890,  and 
of  the  Small  Holdings  Act  of  1892,  is  evidence  of  the  public 
interest  taken  in  recent  years  in  t!.e  position  and  future  pro- 
spects of  the  working  classes  generally,  and  especially  of  the 
agricultural  labourer.  Stated  in  a  few  words,  the  object  of  the 
first  two  of  these  measures  is  to  facilitate  the  acquirement  of 
areas  not  exceeding  one  acre,  mainly,  therefore,  for  the  provision 
of  what  may  be  called  garden  allotments  as  distinguished  from 
small  agricultural  holdings.  The  object  of  the  more  recent 
measure  is,  on  the  other  hand,  to  facilitate  the  acquirement  of 
areas  of  more  than  one,  and  not  exceeding  fifty  acres,  that  is, 

for  the  acquirement  of  small  farms. 

ff 

Number  of  Allotments  in  Great  Britain. 

For  many  years  prior  to  1887,  the  system  of  granting 
garden  allotments  to  agricultural  labourers,  and  to  others  of  our 
rural  populations,  had  been  established,  and  it  had  been  gradu- 
ally extending  from  year  to  year.  OflScial  returns  showing 
the  number  of  allotments  granted  from  the  date  of  the  passing 

of  the  Allotments  Act  in  1887  up  to  the  present  time,  a  period 

•  A  2 
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of  rather  over  five  years,  have  not  been  published.  But  such 
records  as  are  available  enable  us  to  form  a  fairly  approximate 
estimate  of  the  impetus  given  to  the  extension  of  the  system  by 
the  discussion  and  by  the  passing  of  the  Allotments  Acts. 
Thus,  the  following  Table  shows,  for  England,  Wales,  Scotland^ 
and  Great  Britain  collectively,  the  number  of  allotments,  not 
exceeding  one  acre  in  area,  in  1873,  in  1886,  and  in  1890  ;  the 
actual  increase  from  1873  to  1886,  and  from  1886  to  1890  ; 
also  the  average  increase  per  annum  between  1873  and  1886, 
and  between  1886  and  1890.  Supposing  the  returns  to  relate, 
as  we  believe  they  do,  to  the  middle  of  the  year  in  each  case, 
the  period  from  1873  to  1886  will  be  thirteen  years,  and  that 
from  1886  to  1890,  four  years. 


Table  I. — Numher  of  AUotTnents,  not  exceeding  1  Acre,  in  1873, 
1886,  and  1890 ;  also  the  Total ,  and  the  average  annual 
Increase,  within  each  Period, 




Englami              Wales 

Scotland 

Great 
1       Britain 

Actiial  Ntimber  of  AlUttmenU. 

1873 

1886 

1890      .                   ... 

242,542 
348,872 
441,024 

1,726 
4,949 

7.5()!> 

2,130 
3,974 
6,419 

1    246,398 
357,795 

455.005 

Total  Increase  ii 

%  Number. 

1873-1886  (13  years)    . 
1886-1890    (4  years)   . 

106,330 
92,162 

3,223 
2,613 

1,844 

2,445 

1 

111,397 
97,210 

Increase  in  Number  per  Annum 

I. 

1873-1886  (13  years)   . 
1886-1890    (4  years)   . 

8,179 
23,038 

248 
653 

142 
611 

1        8,569 
24,302 

It  may  be  observed  that  details  not  given  in  the  Table  show 
that  of  the  total  number  of  allotments  in  1890,  in  England 
about  70*5  per  cent.,  in  Wales  917  per  cent.,  in  Scotland  82-4 
per  cent.,  and  in  Great  Britain  as  a  whole  71*0  per  cent.,  did 
not  exceed  one-quarter  of  an  acre.  Further,  the  figures  in  the 
Table  show,  that  whilst  the  average  annual  increase  in  the 
number  of  allotments  in  Great  Britain  was  8,509  over  the  thir- 
teen years  1873-1886,  it  was  24,302  over  the  four  years  1886- 
1890,  or  nearly  three  times  as  great  during  the  latter  period. 
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Indeed,  in  reference  to  these  returns,  Major  Craigie,  in  his 
Report  dated  July  18,  1890,^  says: 

"  Making  every  allowance  for  the  possible  imperfections  of  the 
earlier  figures,  it  seems  impossible  to  resist  the  conclusion  that 
a  large  and  important  increase  has  taken  place.  It  is  note- 
worthy that  the  rate  of  annual  increase  in  the  last  four  years 
has  been  apparently  three  times  as  rapid  as  between  1873  and 
1886/' 

By  the  Allotments  Act  of  1890  increased  powers  were  given 
for  tiie  acquirement  of  allotments ;  but  whether  the  process  has 
or  has  not  thereby  been  quickened,  there  is  no  published  evidence 
to  show.  At  any  rate  there  is,  so  far  as  we  are  aware,  no 
reason  to  believe  that  the  rate  of  increase  has  been  less  during 
the  last  two  than  during  the  preceding  four  years ;  and  if  the 
increase  during  the  four  years  1886-1890  was  97,210,  it  seems 
quite  reasonable  to  assume  that  during  the  five  years  from  the 
passing  of  the  Allotments  Act  of  1887  up  to  the  present  time, 
the  increase  has  considerably  exceeded  100,000.  Nor  is  it  the 
least  satisfactory  element  of  the  result  that,  out  of  the  very  large 
increase  that  has  undoubtedly  taken  place,  so  few  (only  2,891) 
had  to  be  obtained  under  the  provisions  of  the  Acts,  and  only  one 
compulsorily,  as  is  shown  by  a  return  to  an  order  of  the  House 
of  Commons,  issued  by  the  Local  Government  Board,  under 
date  of  June  17,  1892  (No.  310).  In  fact,  it  would  seem  that, 
as  is  desirable  it  should  be,  the  influence  of  the  Acts  has  chiefly 
been  to  stimulate  voluntary  action. 

The  Betum  in  question  shows  the  number  of  instances  in 
which  Bural  Sanitary  Authorities,  under  the  provisions  of  the 
Allotments  Act,  1887,  and  County  Councils,  under  the  provisions 
of  the  Allotments  Acts  of  1887  and  1890,  have  acquired  land 
for  allotments,  by  compulsory  purchase,  purchase  by  agreement, 
or  hire  by  agreement ;  it  also  ^ows  the  parish  in  which  the  land 
has  been  acquired,  the  acreage,  and  the  number  to  whom  allot* 
ments  have  been  let  under  the  Act.     It  Airther  shows,  what 
Sanitary  Authorities  have  not  taken  land  for  allotments,  and  in 
each  case  the  reason  why  they  had  not  done  so.     It  appears 
that  fifty-six  Bural  Sanitary  Authorities  have  acquired  land  for 
allotments  under  the  Allotments  Act,  1887 ;  in  twelve  parishes 
by  purchase  under  agreement,  and  in  eighty-two  by  hire  under 
agreement.     The  total  area  so  acquired  was  1,126  acres,  and 
the  total  number  of  tenants  to  whom  the  allotments  had  been  let 
was  2,738.     Five  hundred  and  eighteen  Bural  Sanitary  Autho- 

>  Betnm  of  Allotments  and  Small  Holdings  in  Great  Britain,  obtained  for 
the  Boud  of  Agricnltnie  by  the  Inland  Bevenue  Department  (C— 6144),  1890. 
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rities  had  not  acquired  land,  the  reasons  assigned  being  in  the 
joajority  of  cases  that  allotments  had  been  provided  voluntarily 
by  landowners  under  private  arrangements,  or  that  no  applica- 
tions or  representations  under  the  Act  had  been  made  to  them. 
Four  County  Councils  had  also  acquired  land  under  the  Acts  of 
1887  and  1890  ;  in  only  one  parii^  by  compulsory  purchase,  in 
one  by  purchase  under  agreement,  and  in  six  by  hire  under 
agreement ;  the  total  area  so  acquired  being  eighty-one  acres, 
and  the  number  of  tenants  to  whom  allotments  had  been  let 
seventynaix.  In  the  case  of  three  parishes,  the  County  Councils 
had  delegated  their  powers  as  regards  the  land  acquired  by  them 
to  the  Rural  Sanitary  Authorities,  who  had  let  it  to  eighty-two 
tenants.  The  total  acreage  acquired  under  the  provisions  of  the 
two  Acts  has  been  1,207,  and  the  total  number  of  tenants  to 
whom  the  land  was  let  was  2,891.  No  return  is  given  of  the 
acreage  or  number  of  allotments  acquired  independently  of  the 
provisions  of  the  Acts,  so  that  the  only  evidence  available  for 
forming  a  judgment  on  the  point  is  that  given  in  Table  I  and 
in  the  text ;  and  there  is  no  reason  to  suppose  that  the  estimate 
we  have  given  is  at  all  excessive. 

lliere  can  at  any  rate  be  no  doubt  that  there  has  been  a 
great  increase  in  the  acquirement  of  allotments,  directly  or 
indirectly,  under  the  influence  of  the  Allotments  Acts  of  1887 
and  1890 ;  and  it  is  probable  that  the  increase  will  continue 
for  some  time  to  come.     Nor  can  there  be  any  doubt  that  such 
allotments  are  a  very  great  boon,  especially  to  rural  popula- 
tions.    Indeed,  the  fact  of  the  rapid  increase  in  their  number 
which  the  figures  indicate,  is  of  itself  sufficient  evidence  of  the 
appreciation  of  them  by  those  whose  position  they  are  intended 
to  improve.     It  is  another  matter,  however,  whether  the  san- 
guine anticipations  of  those  who  have  so  strongly  urged  the 
importance  of  providing  by  enactment  facilities  for  the  acquire- 
ment, not  only  of  allotments  but  of  small  holdings,  will   be 
realised.     As  every  year  sees  an  increasing  number  of  the  rural 
populations  flocking  into  our  towns  and  cities,  it  is,  perhaps, 
not  unnatural  that  the  urban  populations  should  ask  why  those 
who  have  been  bom  upon  the  land  should  not  be  able  to  earn  a 
living  upon  it.     It  will  probably  be  admitted,  on  all  hands,  that 
the  extension  of  the  garden  allotments  system  can  do  little  of 
itself  to  stem  the  exodus  of  the  populations  of  our  villages  and 
their  accumulation  in  our  towns.     But  it  seems  to  be  assumed 
that  if  existing  farmers  cannot  or  will  not  employ  more  men, 
the  proper  remedy  is  to  establish  small  farms  throughout  the 
country  by  the  aid  of  public  funds,  to  be  taken  up,  either  with 
a  view  to  eventual  ownership,  or  in  some  cases  as  tenants  only. 
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by  labonrers  who  would  thus  be  rendered  independent  of  weekly 
wages,  or  by  others  who  would  thus  acquire  an  interest  in  the 
land,  and  so  have  an  inducement  to  remain  upon  it.  Such  a 
subject  is  obviously  one  of  great  national  importance,  and  it 
certainly  is  desirable  that  it  should  be  freely  and  fairly  discussed 
on  its  merits,  without  reference  to  party  politics. 


Number  aio)  Acreage  of  Small  Holdings  in 

Great  Britain. 

It  is  well  known  that  within  the  present  century  there  has 
been  a  great  reduction  in  the  number  both  of  owners  and  of 
occupiers  of  farms  not  exceeding  50  acres  in  area,  such  as  it 
seems  to  be  the  object  of  the  promoters  of  the  Small  Holdings 
Act  of  1892  greatly  to  increase.  We  are  not  able  to  adduce 
comparative  statistics  for  different  periods,  showing  the  decline 
in  the  number  and  acreage  of  such  holdings.  Such  evidence  as 
is  at  command  seems  to  indicate  that  the  greatest  decline  was 
early  in  the  century,  and  that  it  gradually  lessened  towards  the 
middle.  It  would  appear,  however,  that  there  has  been  a  slight 
tendency  to  increase  &om  about  the  commencement  of  the 
fourth  quarter  of  the  century  up  to  the  present  time.  Thus,  in 
Major  Graigie's  Report  on  the  Return  of  Allotments  and  Small 
Holdings  in  Great  Britain  obtained  for  the  Board  of  Agriculture 
by  the  Inland  Revenue  Department — and  issued  in  1890  (0. — 
6144) — he  gives  the  following  comparative  statement  of  the  total 
number  of  holdings  in  Great  Britain,  not  exceeding  50  acres, 
in  1875,  1880,  1885,  and  1889 : 


Year 

Small  holdings 

1875 
1880 
1885 
1889 

389,941 
391,429 
392,203 
409,422 

It  is  admitted  that,  as  a  rule,  the  later  returns  are  more 
correct  than  the  earlier ;  and  the  increase  shown  from  1875  tc 
1880,  and  that  from  1880  to  1885,  are  so  small,  that  they  might 
well  be  explained  by  greater  exactitude  in  the  returns.  But 
the  increase  from  1885  to  1889  amounts  to  17,219,  or  to  more 
than  4  per  cent.,  and  this  seems  too  much  to  attribute  to  error 
in  the  earlier  record.  If,  however,  we  exclude  the  holdings  of 
less  area  than  1  acre,  some  of  which  it  is  supposed  are  also 
included  in  the  Returns  of  Allotments,  the  increase  in  the 
number  from  1  acre  to  50  acres  would  only  be  about  12,000 ; 
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more  than  two-thirds  of  which  would  only  range  from  1  to  5 
acres  in  area. 

It  would  of  course  be  desirable,  were  it  possible,  accurately 
to  compare  both  the  number  and  the  area  of  holdings  of  various 
sizes  at  diiSerent  periods,  going  back  much  earlier  than  the 
dates  referred  to  in  the  summary  given  above.  In  default  of 
reliable  data  of  this  kind,  it  will  nevertheless  be  of  interest  to 
direct  attention  to  the  returns  for  1885,  which  are  more  com- 
plete than  those  for  any  other  period.  Thus,  for  that  year, 
there  are  given — ^for  England,  Wales,  Scotland,  and  Great 
Britain  as  a  whole — ^the  actual  number,  the  proportional  number 
per  cent.,  the  acreage  or  aggregate  area,  and  the  average  size 
of  holdings,  from  ^  to  1  acre,  from  1  to  5,  from  5  to  20,  from 
20  to  50,  from  50  to  100,  from  100  to  800,  from  300  to  600, 
from  500  to  1,000,  and  from  1,000  acres  upwards.  There  are  also 
given,  the  number  and  the  acreage  of  the  respective  holdings, 
which  are  wholly  permanent  pasture,  wholly  arable,  and  partly 
pasture  and  partly  arable.  Of  these  voluminous  records,^  Tables 
n.  III,  and  IV,  which  follow,  are  summaries ;  and  they  give 
the  various  particulars  for  holdings  from  1  acre  to  50  acres, 
and  above  50  acres,  respectively. 

It  will  be  observed  that  holdings  from  ^  to  1  acre  are  not 
included  in  the  results  given  in  the  Tables,  and  this  should  be 
borne  in  mind  in  reading  the  comments  thereon.  As  indicated 
above,  it  is  probable  that  some  of  the  holdings  from  ^  to  1  acre 
have  also  been  included  in  the  returns  of  allotments;  and 
although  the  number  of  these  smaller  holdings  is  not  imma- 
terial, the  area  is  quite  insignificant.  Thus,  in  Great  Britain 
the  number  of  such  holdings  is  23,512,  corresponding  to  about 
4J  per  cent,  of  the  whole ;  but  their  area  is  only  11,195  acres, 
corresponding  to  only  0*034  per  cent,  of  the  total  recorded  agri- 
cultural area.  It  should  be  further  borne  in  mind,  in  judging 
of  the  results,  that  a  considerable  number  of  the  recorded  hold- 
ings, and  especially  of  the  smaller  ones,  will  consist  of  areas 
attached  to  residences,  for  ornament  or  convenience,  rather 
than  as  a  means  of  livelihood  to  the  holder ;  also  of  areas  held 
by  persons  not  entirely  dependent  on  the  land  for  their  livelihood. 
Then,  again,  especially  in  Wales  and  in  Scotland,  there  is  a  not 
inconsiderable  amount  of  rough  or  hill  grazing  not  included  in 
the  returns  of  agricultural  area. 

The  upper  division  of  Table  II  shows  that  in  each  of  the 

>  Returns  of  the  number  of  allotments  detached  from  and  attached  to 
cottages  and  of  agricultural  holdings  in  Great  Britain,  obtained  for  the  Agri- 
cultural Department,  Privy  Council  Ofllce,  by  the  Inland  Revenue  Department 
(C— 4848),  1886. 
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Table  II. — Actual  Number,  and  Per  Cent,  in  the  total  Number ; 
aggregate  Acreage,  and  Per  Cent,  in  the  toUd  Area  ;  cdso  average 
Size  of  Holdings,  from  1  to  50  Acres,  a/nd  above  50  Acres, 
respectively, 

1885. 


Sue  of  holdings 


England 


Wales 


Scotland 


Great 
Britain 


Actual  Niimber  of  Moldings, 


From  1  to  50  acres 
Above  50  acres     . 

Total  . 


No.    '    No 
273,660  '  40,759 
120,221    18,348 


393,881    59,107 


No. 
54,272 
25,083 


79,355 


No. 
368,691 
163,652 

632,343 


Per  cent,  in  total  Nvmher  of  Uoldingt, 


From  1  to  50  acres 
Above  50  acres 

Total    . 


Per  cent. 
6948 
30-52 


100-00 


Per  cent. 
68-96 
3104 

100-00 


Per  cent. 
68-40 
31-60 

10000 


Per  cent. 
69-26 
30-74 


100-00 


Aggregate  Acreage  of  Holdwgs. 


From  1  to  50  acres 
Above  50  acres 

Total    . 


Acres 
3,548,559 
21,332,992 


.    24,881,551      2,818.017 


Acres 
655,183 
2,162,834 


Acres 
667,289 
4,180,200 


Acres 
4,871,031 
27,676,020 


4,847,489  |  32,547,057 


Per  cent,  in  total  Area. 

From  1  to  50  acres 
Above  50  acres 

Per  cent. 
14-26 
86-74 

Percent 
23-25 
76-76 

Per  cent. 
1376 
86-24 

1     Per  cent 
14-97 
,       8503 

Total    . 

10000 

100-00 

10000           10000 

Average  Size  cf  Holdings. 


From  1  to  50  acres 
Above  50  acres 


Acres 
13 


kcTe9 

16^ 

117? 


Average  of  all 


63* 


*74 


Acres 

13^ 

1691 


61* 


three  divisions  of  Great  Britain  the  number  of  holdings  from 

1  acre  to  50  acres  is  more  than  twice  as  great  as  that  of  those 

above  60  acres ;  indeed,  the  second  division  shows  that  not  far 

short  of  70  per  cent,  of  the  total  number  of  holdings  range  from 

1  to  50  acres.     When  we  come  to  consider  the  question  of 
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aggregate  acreage,  however,  the  result  is  very  different.  The 
figures  in  the  third  and  fourth  divisions  of  the  Table  show  that 
the  aggregate  area  of  the  much  greater  number  of  the  smaller 
holdings  is  very  much  less  than  that  of  the  much  fewer  larger 
ones.  In  fact,  the  figures  for  Great  Britain  as  a  whole  show 
that  not  quite  15  per  cent,  of  the  total  returned  agricultural 
area  (excluding  holdings  under  1  acre)  is  devoted  to  holdings 
from  1  to  50  acres.  Wales,  with  its  very  small  total  agricultural 
area,  shows,  however,  more  than  23  per  cent,  comprised  in  the 
smaller  holdings ;  whilst  Scotland  with  its  larger,  and  England 
with  its  very  much  larger,  total  area,  show  an  average  of  only 
about  14  per  cent,  in  holdings  from  Jl  to  50  acres.  Again,  the 
bottom  division  of  the  table  shows  that  the  size  of  the  holdings 
in  Great  Britain  from  1  to  50  acres  averages  only  13  J  acres, 
and  that  of  those  above  50  acres  a  little  over  169  acres,  whilst  the 
average  of  all  is  about  61  acres.  The  details  show  that  the 
average  size  of  the  smaller  and  of  the  larger  holdings  respec- 
tively, is  approximately  the  same  in  England,  Scotland,  and 
Great  Britain  as  a  whole ;  whilst  in  Wales  that  of  the  smaller 
is  greater,  and  that  of  the  larger  is  less,  than  in  the  other 
divisions  of  the  country.  Details  not  here  given  further  show 
that  more  than  two-fifths  of  the  total  agricultural  area  of  Great 
Britain  are  comprised  in  holdings  from  100  to  300  acres,  and 
nearly  three-fourths  in  those  from  50  to  500  acres. 

Table  III,  p.  11,  shows  the  number,  and  the  proportion,  of 
the  smaller  and  of  the  larger  holdings  respectively,  which  are 
wholly  permanent  pasture,  wholly  arable,  or  partly  permanent 
pasture  and  partly  arable. 

It  is  seen  that  of  the  total  number  of  holdings  from  1  to  50 
acres  in  England,  nearly  half  (48*2  per  cent.)  are  wholly 
permanent  pasture,  next  come  those  that  are  mixed  pasture 
and  arable  (35*63  per  cent.),  and  in  much  smaller  number  those 
that  are  arable  only  (16-17  per  cent.).  In  Wales,  as  would  be 
expected,  the  proportion  of  those  wholly  permanent  pasture  to 
those  wholly  arable  is  much  greater,  whilst  those  in  mixed 
pasture  and  arable  number  considerably  more  than  the  other 
two  put  together.  In  Scotland,  on  the  other  hand,  the  larger 
number  of  the  small  holdings  are  entirely  arable  (51*44  per 
cent.);  next  come  those  that  are  mixed  pasture  and  arable 
(39*43  per  cent.) ;  and  there  is  a  very  small  number  wholly 
permanent  pasture  (9-13  per  cent.).  Lastly,  in  Great  Britain 
as  a  whole,  of  the  total  number  of  the  smaller  holdings,  41-28 
per  cent,  are  in  permanent  pasture,  20*23  per  cent,  arable,  and 
38*49  per  cent,  in  mixed  pasture  and  arable. 

Next,  comparing  the  number  and  the  general  agricultural 
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conditions  of  the  holdings  above  50  acres  in  area,  it  is  seen 
that  in  England  nearly  89  per  cent,  of  the  whole  are  mixed 
permanent  pasture  and  arable ;  only  8*63  per  cent,  exclusively 
permanent  pasture,  and  only  2*41  per  cent,  exclusively  arable. 
In  Wales  those  in  mixed  permanent  pasture  and  arable  are  nearly 
95  per  cent,  of  the  whole,  those  exclusively  permanent  pasture 
constitute  scarcely  4  per  cent.,  and  those  exclusively  arable 
little  more  than  1  per  cent.  In  Scotland,  on  the  other  hand, 
only  55*34  per  cent,  of  the  total  number  are  mixed,  41-32  per 
cent,  are  exclusively  arable,  and  only  3*34  per  cent,  exclu- 
sively permanent  pasture.  In  Great  Britain  as  a  whole,  84*47 
per  cent,  of  the  total  number  of  the  larger  holdings  are  mixed 
permanent  pasture  and  arable,  7*30  per  cent,  exclusively  pasture, 
and  8*23  per  cent,  exclusively  arable. 

Lastly,  comparing  the  agricultural  conditions  of  the  holdings 
from  1  to  50  acres  with  those  above  50  acres,  as  shown  in  the 
last  four  columns  of  the  Table  (p.  11),  it  is  seen  that  in  each 
division  of  the  country  a  very  much  larger  proportion  of  the 
smaller  than  of  the  larger  holdings  is  either  exclusively  pasture 
or  exclusively  arable.  Indeed,  there  are  very  few  of  the  larger 
holdings  that  are  exclusively  either  the  one  or  the  other.  On 
the  other  hand,  among  the  holdings  that  are  mixed  permanent 
pasture  and  arable,  in  England  rather  more  than  half  the  total 
number  (52*31  per  cent.)  are  in  the  larger  holdings,  in  Wales 
less  than  half  (43*06  per  cent.),  and  in  Scotland  less  than  40 
(39*34)  per  cent,  are  in  the  larger  holdings;  and  in  Great 
Britain  collectively,  about  an  equal  number  (50*66  and  49*34  per 
cent.)  are  in  the  smaller  and  in  the  larger  holdings  respectively. 

The  next  Table  (IV),  p.  13,  which  compares,  not  the  number 
but  the  aggregate  area,  of  the  smaller  and  of  the  larger  holdings, 
in  permanent  pasture,  or  arable  land,  in  the  different  divisions  of 
the  country,  is  in  some  respects  of  more  interest. 

It  has  already  been  shown  in  Table  II,  that  in  England  and 
Scotland  about  14  per  cent.,  in  Wales  about  23  per  cent.,  and 
in  Great  Britain  about  15  per  cent,,  of  the  total  agricultural 
area  (excluding  holdings  under  1  acre)  are  devoted  to  holdings 
from  1  to  50  acres.  Table  IV,  now  under  consideration,  shows 
the  aggregate  area,  and  the  proportion  of  the  whole,  under 
permanent  pasture  and  arable  respectively,  in  the  smaller  and  in 
the  larger  holdings.  In  Great  Britain  as  a  whole,  of  the  about 
15  per  cent,  of  the  total  area  which  is  devoted  to  the  smaller 
holdings,  61*2  per  cent,  is  permanent  pasture  and  38*8  per  cent, 
arable.  Of  the  remaining,  about  85  per  cent,  of  the  total  area 
comprising  the  larger  holdings,  scarcely  44*8  per  cent,  is  per- 
manent pasture,  and  55*2  per  cent,  is  arable.     In  other  words, 
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there  is  a  much  larger  proportion  of  permanent  pasture  than  of 
arable  land  in  the  smaller  holdings,  and  a  larger  proportion  of 
arable  than  of  permanent  pasture  in  the  larger  holdings. 

In  England  and  in  Wales  there  is  a  larger  proportion,  but 
in  Scotland  a  very  much  smaller  proportion,  of  the  total  area  of 
the  small  holdings  in  permanent  pasture  than  in  Great  Britain 
as  a  whole.  Of  the  total  area  of  the ,  larger  holdings,  on  the 
other  hand,  in  England  46"38  per  cent.,  in  Wales  66-9  percent., 
and  in  Scotland  only  25*32  per  cent.,  are  permanent  pasture ; 
and  it  is  remarkable  that  in  Scotland  the  proportion  of  pasture 
to  arable  is  almost  exactly  the  same  in  the  smaller  and  in  the 
larger  holdings. 

Again,  in  England,  of  the  total  area  under  permanent  pasture 
19-23  per  cent,  is  in  the  smaller,  and  80*77  in  the  larger  holdings ; 
and  of  the  total  arable  area,  only  9*44  per  cent,  is  in  the  smaller, 
and  90*56  per  cent,  in  the  larger  holdings.  In  Wales,  of  the 
total  area  under  permanent  pasture,  24*02  per  cent,  is  in  the 
smaller,  and  75*98  in  the  larger  holdings ;  and  of  the  total  arable 
area,  21*65  per  cent,  is  in  the  smaller,  and  78*35  per  cent,  in 
the  larger  holdings.  In  Scotland,  13*68  per  cent,  of  the  total 
permanent  pasture  area  is  in  the  smaller,  and  86*32  per  cent, 
in  the  larger  holdings;  and  of  the  total  arable  area  almost 
exactly  the  same  proportions  as  of  the  total  permanent  pasture, 
namely,  13*79  per  cent.,  is  in  the  smaller,  and  86*21  per  cent, 
in  the  larger  holdings.  Lastly,  in  Great  Britain  as  a  whole,  of 
the  total  pasture  area,  19*38  per  cent.,  or  nearly  one-fifth,  is  in 
the  smaller,  and  80*62  per  cent.,  or  more  than  four-fifths,  are  in 
the  larger  holdings ;  whilst,  of  the  total  arable  area,  only  about 
11  per  cent,  is  in  the  smaller  and  nearly  89  per  cent,  in  the 
larger  holdings.^ 

Upon  the  whole,  then,  excepting  in  Scotland,  a  very  much 
larger  proportion  of  the  area  of  the  smaller  holdings  is  perma- 
nent pasture  than  arable.  On  the  other  hand,  excepting  in  the 
small  total  area  comprised  in  Wales,  a  larger  proportion  of  the 
area  of  the  larger  holdings  is  arable  than  permanent  pasture ; 
and  in  Scotland  this  is  pre-eminently  the  case  not  only  in  the 
larger  but  also  in  the  smaller  holdings  (see  footnote  to  Table 
IV,  p.  13). 

Such  is,  in  outline,  a  statistical  view  of  the  present  position 
of  allotments,  and  of  small  holdings,  in  the  country  generally. 
It  is  proposed,  in  the  next  place,  to  illustrate  the  working  of  the 

'  Details  not  given  in  the  Tables  show  that  of  the  total  number  of  368,691 
holdings  from  1  to  50  acres  in  Great  Britain,  only  8^,149  have  an  area  of  from 
20  to  50  acres.  It  may  safely  be  concluded,  therefore,  that  considerably  less 
than  this  smaller  number  are  held  by  persons  depending  entirely  on  the  land 
for  their  livelihood.  It  may  further  be  observed  that  the  areas  from  20  to 
60  acres  comprise  a  larger  proportion  of  arable  than  do  the  smaller  ones. 
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allotment  system,  by  reference  to  actual  experience  in  a  par- 
ticular case ;  and  then  to  consider,  from  an  agricultural  and 
economic  point  of  view,  what  conditions  seem  essential  to  the 
success  of  small  holdings,  and  whether  they  prevail  to  such  an 
extent  in  Great  Britain  as  to  justify  the  expectation  that  the 
establishment  of  large  numbers  of  them  throughout  the  country 
will  bring  about  the  beneficial  results,  and  especially  the  stem- 
ming of  the  migration  of  the  population  from  the  country  to  the 
towns,  which  seem  to  be  anticipated  by  those  who  advocate  & 
considerable  extension  of  them. 

The  Rothamsted  Allotments. 

It  is  now  about  forty  years  since  from  eight  to  ten  acres,  and 
a  few  years  later  about  an  equal  area,  were  set  apart  on  the 
Eothamsted  Estate  as  garden  allotments,  for  the  most  part  of 
one-eighth  of  an  acre  each ;  some,  however,  being  less ;  the  whole 
number  of  tenants  amounting  to  between  160  and  170.  In  the 
midst  of  the  allotment  ground  a  club-house  was  built  for  the 
members,  where  they  could  have  their  beer  and  smoke  their 
pipes  independently  of  the  public-house.  The  management  of 
the  gardens  and  of  the  club  is  in  the  hands  of  a  committee  of 
twelve  of  the  members,  who  are  elected  annually.  *  Many  of  these 
allotments  are  held  by  agricultural  and  other  labourers,  and  it 
is  the  general  opinion  that  one-eighth  of  an  acre  is  quite  as 
much  as  a  man  depending  on  weekly  wages  can  properly  cul- 
tivate. In  fact,  whilst  no  demand  has  been  made  for  larger 
garden  allotments,  requests  have  occasionally  been  made  for 
smaller  ones,  on  account  of  the  smallness  of  the  family,  or  the 
age  of  the  tenant. 

In  1883  nearly  9  acres,  and  in  1885  about  20  acres,  or 
in  all  nearly  29  acres,  were  devoted  to  allotments  in  another 
part  of  the  parish.  Of  these,  112  are  of  one-eighth  of  an  acre 
or  less,  and  25  are  of  larger  area.  There  are  23  allotments 
ranging  from  a  quarter  of  an  acre  to  an  acre  and  a  half,  and 
these  are,  for  the  most  part,  held  by  persons  of  the  most  varied 
occupations,  namely :  two  carpenters,  two  publicans,  a  black- 
smith, two  carters,  a  dealer,  a  butcher,  a  coal-dealer,  a  navvy, 
a  platelayer,  a  market  gardener,  a  groom  and  gardener,  a  pen- 
sioner, a  bricklayer,  a  shoemaker,  and  a  general  labourer.  There 
are  also  five  agricultural  labourers,  two  of  whom  have,  however, 
joined  with  others. 

In  1890,  a  notice  was  put  up  in  the  club-room  that  about 
6  acres  adjoining  the  original  garden  allotments  would  be  let 

»  See  Jour.  Roy.  Ag.  Soc.  Vol.  XIIL  (1877),  p.  387,  "  The  Rothamsted  Allot- 
ment dub."    By  J.  Bennet  Lawes. 
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in  plots  of  one  acre  each,  at  the  ordinary  agricultural  rent  of  the 
land ;  but  not  a  single  agricultural  labourer  became  an  applicant 
for  one  of  these  lots. 

Lastly,  in  the  present  year,  1892,  about  5  acres  more  have 
been  added ;  and  they  have  been  divided  into  two  allotments  of 
1  acre  each,  11  of  ^  of  an  acre,  6  between  ^  and  -^y  and  14  of 
^  of  an  acre.  The  two  1-acre  plots  are  respectively  occupied  by 
a  blacksmith  and  a  carpenter;  and  of  the  remaining  31  of  J  of 
an  acre  or  less,  only  three  by  agricultural  labourers,  the  remainder 
being  held  by  persons  of  very  various  occupations.  It  may  be 
said  that  the  demand  for  mere  garden  allotments  is  for  the  present 
satisfied ;  but  there  still  remains  a  desire  for  more  1-acre  plots. 

Of  the  total  number  of  334  allotments,  about  300  are 
garden  allotments  of  one-eighth  of  an  acre  or  less,  and  it  is 
among  the  tenants  of  these  that  almost  the  whole  of  the  agri- 
cultural labourers  are  to  be  found ;  whilst  the  majority  of  the 
holders  of  the  larger  allotments  are  persons  whose  earnings  and 
general  position  are  much  above  those  of  the  labourer,  some  of 
them  owning  the  houses  in  which  they  live,  and  having  horses 
or  other  live-stock. 

The  general  result  is  then,  that,  with  the  soil  and  climate 
such  as  they  are  in  this  locality,  the  demand  for  anything  more 
than  garden  allotments  has  not  come  from  those  engaged  in 
agricultural  pursuits.  The  problem  of  the  advancement  of  the 
agricultural  labourer  by  giving  him  a  more  direct  interest  in  the 
land  he  cultivates  is,  therefore,  in  no  way  advanced  towards  a 
solution  by  the  facts  above  stated.  Long  before  the  cry  of 
*'  Three  acres  and  a  cow  "  was  invented,  the  possibility  or  desira- 
bility of  furnishing  the  labourer  with  the  means  of  keeping  a 
cow  was  carefully  considered  at  Rothamsted  ;  but  the  idea  was 
eventually  abandoned,  as  it  was  thought  that  the  soil  and  climate 
were  not  sufficiently  suitable  for  pasture,  especially  in  dry 
summers ;  and  that,  under  such  circumstances,  the  keep  of  a/ 
cow  would  be  very  expensive. 

Conditions  Essential  to  the  Success  of  Small  Holdings. 

It  is  one  thing  to  provide  the  agricultural  labourer  with 
sufficient  garden  ground  to  occupy  his  spare  time,  and  provide 
his  family  with  vegetables,  or  to  provide  the  small  tradesman 
of  more  spare  means  and  time,  and  who  does  not  derive 
his  livelihood  from  the  land,  with  a  somewhat  larger  area  to 
enable  him  to  add  a  little  to  his  income  ;  and  it  is  quite  another 
to  establish  tenants  or  proprietors  of  small  holdings,  who  are 
supposed  not  to  receive  wages,  or  to  have  other  occupations,  but 
to  derive  the  whole  of  their  livelihood  from  the  land.      It  is 
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alleged,  however,  that  with  such  a  system  there  would  be  created 
an  incentive  to  the  rural  populations  to  remain  on  the  land, 
instead  of  migrating  to  the  towns,  or  emigrating  to  our  colonies 
or  elsewhere. 

It  happens  that  for  many  years  past  there  has  been  an 
excellent  school  in  our  village,  with  the  result  that  many  of  the 
sons  of  the  labourers  look  with  contempt  at  the  occupation  of 
their  fieithers.  They  easily  obtain  much  better  wages  on  the 
railways  or  in  the  towns  than  they  can  get  on  the  land ;  and, 
as  a  rule,  they  succeed  exceedingly  well  if  they  are  moderately 
intelligent,  and  also  industrious  and  steady.  It  seems  to  be  as- 
sumed, however,  especially  by  those  not  acquainted  with  practical 
agriculture,  that  if  a  sufficient  quantity  of  land  can  be  obtained 
at  a  moderate  price,  and  small  farms  established  on  it,  the  flow 
of  the  rural  populations  into  the  towns  will  be  arrested ;  and 
some,  indeed,  are  so  sanguine  in  the  matter,  that  they  think  it  is 
desirable  that  the  land  should  be  taken  compuli^orily,  in  order  to 
secure  so  important  a  result.  It  is  not  without  interest,  there- 
fore, to  consider  what  are  the  probabilities  that  the  nation,  or 
the  ratepayers,  would  obtain  an  adequate  return  in  the  shape  of 
interest,  if  land  were  acquired  at  its  ordinary  agricultural  value 
and  devoted  to  such  a  purpose. 

There  is  some  fairly  good  agricultural  land  in  this  parish 
(Harpenden),  which  might,  perhaps,  be  obtained  at  the  rate 
of  SOL  per  acre.  Opinions  may  differ  as  to  how  many  acres 
would  be  required  to  support  a  man,  his  wife,  and  family  ;  but 
if  we  assume  the  land  to  be  arable,  and  that  ordinaiy  farm  cr«ps 
are  to  be  grown  upon  it,  it  is  probable  that,  with  the  very  low 
saleable  value  of  grain,  not  less  than  forty  or  fifty  acres  would 
be  required  to  enable  the  holder  and  his  family  to  make  a  living 
in  this  way.  The  purchase  money  of,  say,  fifty  acres,  at  SOL 
per  acre,  would  be  1,500Z.  A  house,  stable  for  two  horses,  cow- 
house, some  open  shedding,  a  yard  walled  in,  all  the  necessary 
roads  and  fencing,  and,  by  way  of  equipment  of  the  farm,  a  pair 
of  horses,  one  or  two  cows,  a  few  sheep  and  pigs,  and  the  neces- 
sary implements,  would  together  not  cost  less  than  700Z.  or 
800L     So  far,  then,  the  outlay  would  probably  be  about  2,250Z. 

When  a  man  is  set  up  in  a  shop  he  begins  at  once  to  earn  a 
living,  but  not  so  the  farmer.  Supposing  he  enters  upon  his 
farm  at  Michaelmas,  he  must  have  the  means  of  living,  keeping 
his  stock,  and  paying  any  other  expenses,  until  nearly  the  next 
Michaelmas;  and  for  this  at  least  IZ.  15^.  per  week  must  be 
allowed,  making  altogether  912.  Further,  for  the  same  reason, 
that  there  would  be  little  or  no  produce  to  sell  during  the  first 
year,  anything  in  the  shape  of  interest  or  annual  instabnent, 
which  can  hardly  be  put  down  at  less  than  20^.  per  acre,  as 
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well  as  tithe  rent-charge  and  rates,  at,  say,  8a.  per  acre,  making 
together  70Z.,  would  probably  have  to  be  placed  to  capital  ac- 
count, which,  for  the  first  year,  would  therefore  stand  at  2,41  IZ.^ 
According  to  the  provisions  of  the  Small  Holdings  Act 
(1892),  the  money  required  will  not  be  available  at  lower 
interest  than  3J  per  cent.  At  this  rate  the  interest  on  the 
above  sum  would  amount  to  rather  over  7bl.  per  annum.  This 
amount  would  certainly  rather  heavily  handicap  the  small 
farmer.  Nor  does  the  transaction  promise  to  be  a  very  satis- 
factory one  for  the  ratepayers,  who  will  be  responsible  for  the 
money  in  the  last  resort.  Then,  on  the  assumption  that  the 
tenant  is  to  become  the  owner,  there  will  be  a  further  annual 
charge  beyond  that  of  mere  rent,  for  a  shorter  or  longer  period 
of  years,  according  to  the  amount  which  he  is  able  to  pay  off 
independently  in  the  meantime- 
Such,  then,  are  some  of  the  diflSculties  which  will  have  to 
be  encountered  in  any  attempt  to  create  a  class  of  tenants,  or  of 
owners,  of  small  farms.  The  foregoing  calculations  have,  how- 
ever, reference  only  to  the  establishment  of  small  arable,  or  what 
may  be  termed  rotation,  or  grain  and  meat  farms ;  and  when  we 
consider  that,  comparing  the  first  five  of  the  last  twenty-five  years 
(1867-1891),  with  the  last  five,  the  average  price  of  wheat  per 
quarter  has  gone  down  from  5G,«?.  to  32^.  76Z.,that  of  barley  from 
38^.  8d.  to  27^.  2rf.,  and  that  of  oats  from  2b8,  8d.  to  17s.  10c?., 
the  prospect  is  not  very  promising  for  the  small  farmer,  who  will 
have  to  produce  his  grain,  not  only  in  competition  with  foreign 
countries,  but  with  the  farmers  of  his  own  country  who  hold 
land  enough  to  take  full  advantage  of  all  labour-saving  appli- 
ances. He  will  also  have  to  compete  in  his  own  markets  with 
the  foreign  produce  of  meat,  the  imports  of  which;  live  and  dead, 
have  enormously  increased  in  recent  years. 

Whilst,  then,  the  outlook  for  the  small  grain  and  meat 
farmer  must  be  considered  very  discouraging,  the  question  still 
remains,  whether  small  tenancies  or  small  holdings  would  not 
be  of  advantage,  both  to  those  who  cultivate  them  and  to  the 
nation  at  large,  if  the  land  wei'e  devoted  mainly  to  the  produc- 
tion of  milk,  butter,  and  cheese,  poultry  and  eggs,  vegetables 
and  fruit.  In  favour  of  such  a  system  it  is  pointed  out  how 
large  is  the  annual  value  of  our  imports  of  such  smaller  articles 


*  With  reference  to  the  above  estimate  of  probable  cost,  the  following" 
statement,  which  was  lately  published,  may  be  quoted  :  "  A  Freehold  Farm 
in  the  parish  of  Whaplode,  belonging  to  Mr.  Bobert  Coupland,  comprising  a 
small  farmhouse,  with  bam  and  bullock  hovel  and  four  pieces  of  excellent 
arable  land  adjoining,  containing  altogether  63  acres  0  roods  88  poles  (more 
or  less),  has  been  sold  for  2,390^.  to  Dr.  Cotton,  of  London." 
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of  production.   Thus,  the  value  of  the  following  articles  imported 
into  the  United  Kingdom  in  1890  was — 

£ 

Poultry  and  game         ....  497,857 

Eggs 8,428,806 

Batter 10,698,848 

Cheese 4,976,134 

£19^^046 

Potatoes 714,257 

Onions 724,020 

Other  vegetables 773,690 

Apples 786,072 

Other  raw  fruit 1,806,811 

£4,804,750 
£19,500,645 

~£24,305,395 

In  1890,  therefore,  the  value  of  the  imports  into  the  United 
Kingdom,  of  poultry  and  game,  eggs,  butter,  and  cheese,  was 
19,500,645Z.,  and  that  of  vegetables  and  fruit  was  4,804,750Z., 
making  together  about  24^  million  pounds. 

It  is  sometimes  said  that  all  these  at  any  rate,  if  not  all  the 
grain  and  meat  required  for  consumption,  should  be  produced  at 
home.  In  reference  to  the  argument  that  we  should  produce 
more  of  the  staple  agricultural  products  also,  it  is  to  be  borne  in 
mind  that  we  do  at  present  produce  more  per  acre  of  both  wheat 
and  barley  than  any  other  country;  more  of  oats  than  any 
excepting  one  or  two  of  comparatively  small  area  under  the 
crop  ;  also  more  of  potatoes,  and  a  greater  weight  of  live-stock 
for  a  given  area,  than  any  other  country  the  statistics  of  whose 
production  are  known.  If,  under  our  existing  system  of  agri- 
culture, we  accomplish  this,  it  is  natural  to  suppose  that  there 
is  something  in  our  soil  and  climate,  as  well  as  in  the  habits  of 
the  people,  compared  with  those  of  the  countries  supplying  us 
with  so  much  of  the  smaller  articles  above  referred  to,  to  account 
for  the  fact  that  they  are  able  to  compete  with  us  in  our  own 
markets  in  the  supply  of  those  productions.  In  most,  if  not  in 
all  continental  countries,  the  success  of  small  holdings  depends 
very  materially  on  whether  or  not  the  soil  and  the  climate  are 
saited  for  the  production  of  what  may  be  called  industrial 
crops,  such  as  tobacco,  hops,  sugar-beet,  colza,  flax,  hemp,  and 
grapes,  also  other  fruit  and  vegetables.  Where  these  condi- 
tions do  not  exist,  and  ordinary  rotation  crops  are  relied  upon, 
and  especially  where,  with  this,  the  land  is  much  subdivided, 
the  condition  of  the  cultivators  is  such  as  would  not  be  tolerated 
in  this  country. 

Belgium  is  frequently  quoted  as  a  model  for  ourselves  in  the 
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matter  of  small  holdings,  and  the  production  of  the  smaller 
articles  of  comparatively  high  value.  Belgium  and  England 
are,  indeed,  in  some  particulars,  well  suited  for  comparison,  but 
in  others  for  contrast  rather  than  comparison.  Thus,  Belgium 
and  England  have  each  a  much  greater  population  for  a  given 
cultivated  area  than  any  other  European  countiy;  and  the 
number  is  very  nearly  the  same  for  a  given  area  in  the  two 
countries.  But,  whilst  England  produces  more  grain,  more 
potatoes,  and  a  greater  weight  of  live-stock,  pei'  acre,  than 
Belgium,  Belgium,  on  the  other  hand,  gives  a  greater  proportion 
of  dairy  produce,  poultry  and  eggs,  and  fruit  and  vegetables ; 
and  small  holdings  are  very  characteristic  of  the  portions  of  the 
country  yielding  these  results.  By  far  the  greater  number  of 
the  small  holdings  are  in  the  light  land  districts,  and  in  those 
districts  the  cultivators  are,  as  a  rule,  not  the  proprietors.  There 
are,  however,  some  small  farms  in  the  heavier  land  districts,  and 
here  the  cultivators  are  frequently  the  owners  also.  It  is 
admitted  that  the  larger  farms  yield  a  greater  produce  per  acre 
of  ordinary  farm  crops  and  stock  than  the  smaller  ones. 

Owing  to  the  peculiarities  of  the  soil  and  climate,  especially 
of  the  great  light  land  district  where  the  small  holdings  prevail, 
a  very  characteristic  practice  is  the  growth  of  two  crops  in  one 
year.  Thus,  with  a  light  soil,  high  summer  temperature,  long 
days,  and  an  open  autumn,  the  growth  of  what  we  call  "  catch 
crops  "  is  a  very  prominent  feature.  Under  these  conditions  the 
harvest  is  early,  and,  after  the  removal  of  the  grain,  a  catch  crop 
can  be  taken.  After  rye,  turnips  are  almost  invariably  taken ; 
turnips  or  spurrey  after  other  corn  crops,  or  carrots  are  sown  in 
the  wheat  or  flax.  Indeed,  it  is  stated  that,  owing  to  the  adap- 
tation of  soil  and  climate,  one-eighth  of  the  whole  of  the  culti- 
vated land  grows  two  crops  a  year.  It  is  fully  recognised  in 
Belgium  by  those  officially  acquainted  with  the  subject,  that  the 
success  of  the  small  holdings  depends  very  much  on  the  facts, — 
that  the  soil  is  easily  worked,  that  the  soil  and  climate  are  such 
as  to  favour  the  practice  of  catch  cropping,  and  that  they  are  also 
favourable  for  the  production  of  industrial  crops,  dairy  produce, 
poultry  and  eggs,  fruit  and  vegetables ;  whilst  the  dense  popu- 
lation generally,  and  the  large  number  of  towns,  afibrd  convenient 
markete  for  the  produce,  and  for  the  return  of  town  manures. 

Of  course,  catch  crops  are  not  unknown  in  our  own  country, 
but  it  is  only  in  some  of  our  earliest  districts  that  they  could  be 
relied  upon.  This  fact  is  of  itself  evidence  of  a  very  material 
difference  in  the  mutual  relations  of  soil  and  climate  in  Great 
Britain  and  in  the  small  holding  districts  of  Belgium  ;  and 
this  difference  would  be  very  materially  to  the  disadvantage 
of  Great  Britain  in  competition,  not  only  with  Belgium,  but 
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frith  other  countries,  in  the  production  of  some  of  the  smaller 
articles  of  high  value  which  have  been  referred  to. 

In  illustration  of  some  of  the  characteristics  of  the  farming 
of-  small  holdings  under  suitable  conditions,  some  facts  may  be 
given  from  a  Beport  published  in  the  Journal  of  the  Boyal 
Agricultural  Society,^  of  a  journey  undertaken  at  the  request  of 
the  Council  of  the  Society,  by  tiae  late  Dr.  Voelcker  and  Mr. 
Jenkins,  the  late  secretary,  to  study  the  agriculture  of  Belgium. 
In  the  course  of  their  description  of  a  successful  farm  of  ten 
acres,  supporting  three  or  four  persons,  they  quote  from  the 
accounts  of  one  year,  which  showed  that  besides  wheat,  dairy 
and  garden  produce,  &c.,  an  acre  of  colza  sold  for  211,  10a.,  a 
tesith  of  an  acre  of  flax  for  bl.  (equal  to  50Z.  per  acre),  and  a 
quarter  of  an  acre  of  tobacco  for  162.  (equal  to  641.  per  acre). 
It  will  be  observed  that  two  out  of  the  three  of  these  are 
industrial  crops,  upon  which  much  labour  is  expended  after  they 
are  removed  from  the  land. 

Then,  as  examples  of  small  holdings  in  France,  Consul 
Pauncefote,  referring  to  the  district  of  Nantes,  says  that  the 
position  of  peasant  proprietors  is  a  miserable  one,  and  that  the 
system  of  peasant  proprietorship  is  not  a  good  one  for  getting 
the  value  out  of  the  land,  and,  except  under  special  circum- 
stances, is  a  very  bad  one  for  the  proprietor  himself  from  the 
point  of  view  of  worldly  prosperity.     He  says : 

*'  This  daas  never  did  and  never  can  live  by  farming  ba  we  understand  it 
in  England,  and  the  mistake  of  supposing  that  they  were  doing  so  has  arisen 
from  tiie  circumstance  that  a  large  population  certainly  was  supported  for 
many  years  on  small  patches  of  land ;  but  they  were  manufacturers  of  wine 
and  brandy,  not  &rmers.  A  man  saved  up  money  and  bought  a  piece  of 
ground  planted  with  vines,  and  employed  his  labour  and  that  of  his  family 
m  the  threefold  occupation  of  carinfif  for  them,  making  wine,  and  distilling 
brandy ;  and  it  was  tne  profit  from  tnese  three  operations,  two  of  which  are 
industrial,  not  agricultural,  which  enabled  him  to  make  a  living.  The  vines 
have  failed,  and  the  towns  are  filled  with  those  peasant  proprietors  looking 
for  work,  who,  instead  of  having  been  kept  in  the  country  by  making  them 
owners,  have  been  ruined  by  it,  and  prefer  anything  else  to  going  back  to  it. 
And  not  only  have  these  people  been  ruined  themselves,  but  as  most  of  them 
became  owners  through  the  facilities  offered  by  some  of  the  great  financial 
societies  in  Paris,  these  establishments  have  suffered  great  losses.'' 

Again,  the  British   Consul-General  at  Havre,  in  his  last 

report,  says : 

**  The  farms  are  what  would  be  called  in  England  quite  small,  and  the 
tenants  or  owners,  as  the  case  may  be,  work  excessively  hard  on  them.  I  think 
their  faces  would  be  a  study  were  thev  to  be  told  that  they  were  not  to  work 
more  than  eight  hours  a  day  on  the  land.  The  great  advantajf]^  the  small  ovnier 
or  proprietor  has  in  France  is  in  the  difference  of  climate  which  fikvours  the 
growth,  &c.,  of  various  articles  and  small  products  which  do  not  do  so  well 
with  us,  and  sufficient  allowance  is  not  made  for  this  when  comparison  is 

«  Vol.  VI.  (1870),  pp.  1-86. 
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drawn  between  the  two  countries,  France  and  England,  and  their  respective 
systems." 

There  are,  however,  exceptions  to  such  conditions ;  as,  for 
example,  in  the  Beet-root  sugar  districts  of  Prance,  chiefly  in  the 
north.  There  are  there  hundreds  of  thousands  of  acres  of  sugar- 
beet,  largely  grown  by  the  small  farmers,  who  are  materially 
aided  in  worMng  capital,  and  consequently  in  the  production 
and  use  of  manure,  by  their  connection  with  the  sugar  industry ; 
and  one  result  of  this  is  that  they,  as  a  rule,  produce  very  much 
greater  crops  of  wheat  than  the  average  of  the  country  at  large ; 
indeed,  on  the  average,  only  a  few  bushels  less  than  the  yield  of 
the  United  Kingdom.  But  it  must  not  be  forgotten  that  these 
results  have  been  obtained  under  the  influence  of  bounties  on 
sugar,  and  a  price  of  wheat  artificially  raised  by  import  duties. 

If,  however,  small  holdings  are  to  be  established  to  any 
considerable  extent  in  Great  Britain,  there  can  be  no  doubt  that 
success  must  be  looked  for,  not  in  ordinary  rotation  farmin&r, 
but  in  an  extension  of  dair^-farming  where  the  soU  and  cUmato 
are  suitable,  in  an  increased  production  of  poultry  and  eggs, 
and  also,  where  the  soil  and  climate  are  suitable,  on  what  is  in 
reality  market  gardening  rather  than  agriculture.  So  far  as 
fruit  and  vegetables  are  concerned,  however,  it  is  to  be  borne 
in  mind  that  the  high  value  of  the  imports  of  these  articles 
depends  largely  on  earliness  and  quality,  in  which  particulars 
it  is  only  in  a  few  limited  districts  that  we  could  hope  success- 
fully to  compete  with  the  countries  which  now  supply  us  with 
so  much  of  such  produce. 

Nor  can  there  be  any  doubt  that,  so  far  as  land  had  to  be 
acquired  for  such  purposes  as  these,  as  distinguished  from 
ordinary  agriculture,  such  land  would,  both  from  its  locaUty  and 
its  quaUtyf  command  a  much  higher  value  in  the  market^than 
has  been  assumed  in  the  illustration  of  the  requirements  of  a 
farm  of  fifty  acres  devoted  to  the  ordinary  agriculture  of  the 
district  in  which  it  is  situated.  On  the  other  hand,  a  smaller 
area  would,  if  the  soil  and  climate  were  suitable,  be  sufficient  to 
support  the  holder  and  his  family ;  but,  at  the  same  time,  the 
outlay  per  acre  would  be  considerably  greater.  Upon  the  whole, 
therefore,  although  there  is  certainly  much  more  promise  in  this 
direction  than  in  the  case  of  small  farms  devoted  to  ordinary 
rotation  crops,  it  is  pretty  certain  that  it  would  only  be  under 
local  circumstances  as  to  soil,  climate,  and  markets,  specially 
suited  to  the  production  and  sale  of  some  or  all  of  the  smaller 
articles  which  have  been  enumerated,  that  the  small  cultivator 
could  hope  to  compete  with  those  who  now  supply  us  with  so 
much  of  them. 

It  follows,  from  the  facts  adduced,  that  there  is  little  hope 
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that  a  system  of  small  holdings  can  ever  be  carried  out  in  this 
countiy  to  anything  like  the  extent  which  experience  has  shown 
to  be  practicable  in  the  countries  that  are  so  frequently  held  up 
to  us  as  models  by  those  unacquainted  with  the  conditions 
essential  to  success,  or  even  with  practical  agriculture  at  all. 
Indeed,  no  one  who  looks  carefully  into  the  facts  of  the  subject, 
which  is  pre-eminently  a  practical  one,  can  entertain  any 
hope  that  the  system  of  small  holdings  can  be  carried  out  to 
any  such  extent  as  to  counteract  at  all  materially  the  flow  of 
the  rising  rural  populations  into  the  towns. 


General  Considerations  and  Conclusions. 

There  can  be  no  doubt  that  free  trade  in  com  and  other 
necessaries  of  life  has  contributed  immensely  to  .the  prosperity 
of  the  country  at  large,  and  of  the  urban  populations  especially ; 
though  the  rural  populations  have  also  benefited  much  from  the 
cheapening  of  their  staple  foods.  But  one  of  the  inevitable 
consequences  of  greatly  increased  imports,  and  reduction  in 
price,  has  been  to  reduce  the  area  under  grain  crops,  and  there- 
fore the  area  under  the  plough,  in  our  own  country ;  a  necessaiy 
result  of  which  is,  to  reduce  the  labour  requh-ed  to  a  given  area, 
and  so  naturally  to  reduce  the  rural  population.  Nor  is  it 
very  reasonable  for  the  urban  populations  to  complain,  if  an 
unavoidable  result  of  the  competition  with  foreign  gi*ain  pro- 
ducers, and  the  consequent  reduction  in  price,  chiefly  in  their 
interest,  has  been  a  less  requirement  for  rural  labour,  which, 
together  with  a  rapidly  increasuig  population,  has  led  many  to 
leave  the  country,  and  either  to  go  into  the  towns  or  to  emigrate. 

It  seems,  however,  to  be  assumed,  in  the  arguments  laid 
before  the  non-agricultural  public,  that  we  should  produce  at 
home  not  only  all  the  smaller  articles  of  higher  value  which 
have  been  referred  to,  but  even  all  the  grain  required,  if  not 
even  the  meat  also.  Such  an  argument  is  too  absurd  to  deserve 
serious  refutation;  but  it  may  be  well  to  state  some  of  the 
results  which  such  a  supposition  would  involve. 

Briefly  stated,  the  facts  are,  that  notwithstanding  all  the 
emigration  that  has  so  far  taken  place,  the  population  of  the 
United  Kingdom  has  increased  by  more  than  10,000,000,  corre- 
sponding to  nearly  40  per  cent.,  during  the  last  forty  years  (1851 
to  1891).  Under  the  influence  of  free  trade  in  grain,  so  essential 
for  the  prosperity  of  the  country  in  other  i^espects,  the  area  under 
wheat  has,  comparing  the  first  four  with  the  last  four  of  the  last 
forty  harvest-years  (1852-3  to  1891-2),  been  reduced  by  about 
38  per  cent.,  and  the  total  home  produce  of  the  crop  has  declined 
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in  nearly  the  same  proportion.  The  imports  of  this  staple  article 
of  food  of  the  people  have,  on  the  other  hand,  increased  by  about 
300  per  cent. ;  with  a  result  that,  whilst  during  the  earlier  years 
of  the  period  only  about  one-fourth  of  the  wheat  consumed  was 
imported,  in  the  later  years  more  than  two-thirds  have  been 
obtained  from  foreign  sources.  Lastly,  a  very  important  con- 
sideration for  the  home  producer  has  been,  that  the  price  of 
wheat  per  quarter  has  gone  down  from  an  average  of  57«.  8d. 
over  the  first  eight  of  the  last  forty  harvest-years  to  only  32».  5d. 
over  the  last  eight  years,  corresponding  to  a  decline  of  44  per 
cent.  It  may  be  added  that  the  average  price  for  the  month  just 
past  (August,  1892)  was  below  SOs,  per  quarter. 

Further,  as  a  natural  result  of  increased  foreign  competi- 
tion, and  reduction  in  price,  our  own  area  under  barley  has 
also  somewhat  diminished.  A  result  of  the  reduction  of  grain 
area  is  that,  comparing  the  first  five  of  the  last  twenty-five 
years  (the  period  for  which  official  returns  are  available)  with 
the  last  five,  our  total  arable  area  has  diminished  by  about 
2f  million  acres,  though  that  of  permanent  grass  has  in  a  much 
greater  degree  increased,  and  with  this  our  live-stock  has  in- 
creased, and  the  total  agricultural  area  has  also  increased. 
According  to  the  returns,  the  area  under  permanent  grass  has 
increased  by  nearly  4f  million  acres,  and  that  of  the  total  agri- 
cultural area  by  nearly  2  million  acres ;  or,  to  put  it  in  another 
way,  the  arable  area  has  diminished  by  more  than  11  per  cent., 
the  area  under  permanent  grass  has  increased  by  more  than 
20  per  cent.,  and  that  of  the  total  agricultural  area  has  increased 
by  more  than  4  per  cent.  But,  at  any  rate  so  far  as  the  increase 
in  permanent  grass,  and  that  in  total  agricultural  area,  are  con- 
cerned, the  figures  are  probably  too  high,  part  of  the  result 
being  doubtless  due  to  the  inclusion  in  later  years  of  areas  not 
previously  returned  as  permanent  grass. 

It  may  be  observed  that  a  series  of  unproductive  seasons,  not 
only  in  our  own  country  but  in  Western  Europe  generally,  which 
culminated  in  1879,  but  continued  for  some  years  later,  led  to  a 
more  rapid  reduction  in  our  own  area  under  the  crop,  and  con- 
currently to  the  opening  up  of  large  wheat-growing  areas  in 
various  parts  of  the  world,  and  at  the  same  time  to  greatly  in- 
creased imports.  But,  owing  to  the  great  reduction  in  price 
consequent  on  the  increased  production  in  various  countries, 
the  rate  of  extension  of  the  wheat-growing  areas,  espe- 
cially in  the  United  States,  received  some  check  about  eight  or 
ten  years  ago. 

It  has,  indeed,  been  estimated,  judging  from  the  increase 
of  the  population  in  the  United  States  in  the  past,  that  the 
Central,  Northern,  and  Western  States,  from  which  we  now 
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derive  such  large  supplies  of  grain,  will,  before  many  years  have 
passed,  be  as  densely  populated  as  the  Eastern  States  are  now,  and 
that  then  the  export  of  grain  will  be  rapidly  diminished.  In 
this  calculation,  however,  the  essential  diflference  in  the  character 
of  the  land  in  the  Eastern  States  and  in  the  prairie  districts  of  the 
Central,  Northern,  and  Western  States,  is  not  taken  into  account. 
At  present  our  imports  come  chiefly  from  large  areas  of  formerly 
prairie  land,  often  as  rich  as  a  ploughed-up  old  pasture  in  our  own 
country,  and  sometimes  so  to  the  depth  of  some  feet.  The  land 
is  only  skimmed,  practically  no  labour  is  bestowed  on  cleaning, 
and  a  very  small  produce  of  grain  per  acre  is  obtained  compared 
with  that  which  such  land  properly  cultivated  should  yield.  So 
long  as  the  population  is  sparse,  the  grain  is  harvested,  the  straw 
generally  burnt,  and  the  manure  of  the  working  stock  sometimes 
floated  away  on  the  ice  in  the  rivers  or  otherwise  wasted,  and  grain 
is  grown  for  several  years  in  succession.  As  population  becomes 
more  dense,  however,  local  markets  will  arise  for  rotation  products, 
stock  will  be  kept,  the  straw  and  the  manure  will  be  utilised, 
cultivation  will  be  improved,  and  there  will  for  some  time  be 
more  rich  prairie  land  to  bring  under  the  plough  ;  so  that  it  is 
probable  that  it  will  be  long  before  increased  density  of  popula- 
tion in  those  States  will  materially  diminish  the  capability  of 
production  for  export.  The  same  may  be  said  of  Canada  in  a 
less  degree ;  whilst  the  resources  of  the  rest  of  the  world,  taken 
as  a  whole,  show  no  signs  of  diminution. 

There  can,  in  fact,  be  little  hope  that,  with  the  greatly 
increased  foreign  competition  that  has  been  so  thoroughly 
established,  our  own  wheat-growing  area  will  ever  regain  its 
former  proportions ;  unless,  indeed,  it  should  happen,  from  un- 
foreseen causes,  that  the  price  were  to  range  much  higher  than 
that  which  has  prevailed  in  recent  years.  But  to  produce  the 
whole  of  the  wheat  we  require  for  consumption  would  involve 
a  vastly  larger  extension  of  our  own  wheat-growing  area  than 
this.  Thus,  the  area  under  wheat  in  the  United  Kingdom 
during  the  last  eight  years  has  averaged  rather  less  than  one- 
eighth  of  the  total  arable  area,  and  to  produce  all  the  wheat 
required  for  consumption,  more  than  one-third  of  our  exist- 
ing arable  area  would  be  required ;  or,  if  the  area  devoted  to 
other  rotation  crops  were  to  continue  to  bear  about  the  same 
relation  to  that  under  wheat  as  in  recent  years,  the  total  arable  area 
would  have  to  be  increased  nearly  three-fold,  making  in  all  much 
more  than  our  present  total  arable  and  permanent  grass  areas  put 
together  !  Or,  if  the  wheat  were  to  be  gi'own  on  a  larger  pro- 
portion of  the  existing  arable  area,  it  could  obviously  only  be  by 
the  exclusion  of  the  growth  of  other  grain  crops  and  stock  foods, 
which  would  then  in  their  turn  have  to  be  imported  in  larger 
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quantities ;  or  our  stock  must  be  reduced,  and  our  imports  of 
live  animals  and  meat  very  much  increased. 

The  above  considerations  clearly  show  the  absurdity  of  the 
supposition  that,  even  with  our  present  population,  to  say 
nothing  of  continued  increase,  and  with  proportionally  very- 
little  possible  increase  in  our  own  total  food-producing  area, 
there  is  any  hope  that  our  imports,  at  any  rate  of  staple  articles 
of  food,  can  be  at  all  materially  reduced.  Indeed,  when  it  is 
considered  how  rapidly  the  population  and  the  requirements  for 
its  maintenance  increase,  whilst  the  aggregate  home  production 
(though  the  produce  per  acre  is  greater  than  in  any  other  country 
in  the  world)  can  increase  but  little,  there  can  be  no  hesitation 
in  deciding  that,  in  spite  of  whatever  may  be  done  to  increase 
the  produce  of  the  land,  at  any  rate  in  smaller  articles,  by  the 
establishment  of  small  holdings  or  by  any  other  means,  the  only 
alternatives  are  increased  emigration,  or  increased  imports  of 
the  staple  foods  of  the  people.  The  latter  alternative,  of  course, 
involves  the  assumption  that  if  the  population  remaining  at 
home  continues  to  increase  as  heretofore,  sufiBcient  wages  could 
still  be  earned  by  the  increased  numbers  for  tlie  purchase  of 
the  foreign  food  required. 

Although  to  establish  a  large  number  of  the  population  on 
the  land  in  small  holdings  would  not  only  be  very  costly,  but 
would  only  to  a  limited  extent,  and  under  favourable  conditions, 
be  attended  with  success,  it  is  nevertheless  very  desirable  that 
the  sale  and  purchase  of  land  should  be  rendered  as  cheap  and 
easy  as  possible.  Further,  it  would  doubtless  be  for  the  benefit 
of  the  country,  that  the  owner  of  landed  property  should  be  abso- 
lute owner,  with  power  to  sell,  or  lease,  or  will  it,  to  whomsoever 
he  pleases,  and  that  his  successor  should  have  the  same  power 
as  himself.  It  would,  in  fact,  be  desirable  to  remove  all  restric- 
tions to  the  transfer  of  land,  and  to  its  acquirement  on  equitable 
terms,  so  that  there  should  be  no  artificial  obstacles  .in  the  way 
of  the  small  holder,  who  would  then  succeed  if  the  conditions 
were  suitable,  but  would  not  if  they  were  otherwise.  It  would, 
at  the  same  time,  be  desirable  that  those  who  vote  the  land  and 
the  money  for  small  holdings  should  also  be  held  responsible 
for  the  failures  and  losses.  The  country  would  thus  have  the 
security  of  the  instinct  of  self-preservation  in  ratepayers,  or 
whoever  else  was  responsible,  that  large  sums  would  not  be  ex- 
pended in  Utopian,  retrograde,  and  losing  schemes. 

J.  B.  Lawes. 
J.  H.  Gilbert. 
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Introduction. 

In  1863,  and  each  year  since,  an  estimate  of  the  Home  Produce 
of  Wheat  in  the  United  Kingdom  has  been  published  by  us  in 
the  daily  and  agricultural  papers  soon  after  harvest.  An  esti- 
mate of  the  total  requirement  for  consumption  within  the  then 
current  harvest-year  has  at  the  same  time  been  given ;  also  an 
estimate,  as  forecast,  of  the  requirement  from  stocks  and  imports 
within  the  harvest-year.  In  1868,  we  gave  in  this  Journal 
(Vol.  YI.,  2nd  Series,  Part  2)  records  and  estimates  on  the 
subject  for  a  period  of  sixteen  harvest-years,  from  1852-58  to 
1867-68  inclusive.  In  1880,  in  the  Journal  of  the  Statistical 
Society  for  June,  and  some  months  later  in  this  Journal  (Vol. 
XVI.,  2nd  Series,  Part  2,  1880),  with  further  particulars  for  the 
then  current  harvest-year  added,  the  estimates  and  records  were 
brought  up  to  1879-80  inclusive,  completing  a  period  in  the 
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one  case  of  twenty-seven,  and  in  the  other  of  twenty-eight 
years ;  and  the  basis,  and  the  results,  of  the  estimates  so  far, 
were  passed  in  review.  Lastly,  in  The  Field  of  February  12, 
1887,  the  records  were  brought  up  to  1885-6,  and  some  points 
were  considered  in  reference  to  current  discussions  at  the  time. 
It  is  proposed  in  the  present  paper  to  bring  up  the  records  ta 
date,  thus  completing  a  period  of  forty  harvest-years,  from 
1852-53  to  1891-92  inclusive. 

The  completion  of  a  period  of  forty  years  would  of  itself  be 
a  sufficient  reason  for  recurring  to  the  subject,  for  bringing  up 
the  records  to  date,  and  for  discussing  the  results  with  the  view  of 
determining  how  &r  the  annually  published  estimates  of  the 
yield  of  the  home-crop,  of  the  requirements  for  consumption,  and 
of  the  amounts  to  be  provided  by  stocks  and  imports,  have  been 
borne  out  by  the  subsequent  actual  records  of  the  net  imports. 
Another  and  important  reason  for  recurring  to  the  subject  at 
the  present  time  is,  however,  the  fact  that,  in  1891,  the  Board 
of  Ovstoms,  the  Board  of  Trade,  and  the  Board  of  AgrievUure, 
adopted  a  different  weight  per  bushel  in  converting  the  recorded 
hundredweights  of  imported  wheat  into  quarters,  and,  what  is  of 
more  importance,  they  at  the  same  time  adopted  a  new  factor 
for  the  calculation  of  imported  '^ wheat-meal  and  flour''  into  its 
equivalent  of  wheat. 

Further,  we  understand  that  the  Registrar-General's  annu- 
ally published  estimates  of  the  population  at  the  middle  of  each 
year,  between  one  census  period  and  another,  are  founded  on 
the  rate  of  increase  actually  ascertained  to  have  taken  place 
between  the  two  preceding  censuses,  but  that  after  the  next 
census  results  are  obtained,  showing  the  actual  increase,  cor- 
rection is  made  if  necessary  for  each  of  the  years  of  the  previous 
intercensal  period.  It  happens  that  the  corrections  so  made 
from  time  to  time  are  brought  together  in  the  RegistraivGenerars 
53rd  Annual  Report,  issued  in  1891,  and  they  are  found  to 
affect  the  numbers  we  have  previously  given  for  the  population 
— that  is,  for  the  number  of  consumers — from  1860-61  up  to 
the  present  time,  sometimes  in  the  direction  of  decrease,  and 
in  others  of  increase,  more  or  less  considerable ;  and  it  is  pro- 
posed to  adopt  these  corrections  accordingly,  as  will  be  fully 
explained  farther  on. 

Obviously  it  is  desirable  to  adopt  in  the  future,  in  our  annual 
estimates,  the  new  factors  above  referred  to,  for  the  conversion 
of  imported  flour  into  its  equivalent  of  wheat,  and  of  hundred- 
weights of  imported  wheat  into  quarters ;  and  also,  as  far  as 
possible,  to  take  into  account  any  correction  of  the  population 
that  is  available.    Thus^  if  the  population  be  taken  at  too  low  a 
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figure,  the  estimate  of  requirement  for  consamption  will  be  too 
low,  or  if  the  estimate  of  population  be  too  high,  bo  also  will 
that  of  consumption  be  too  high.  Again,  if  the  amount  of  flour 
imported  represents  a  larger  amount  of  wheat  grain  than  has 
hitiierto  been  supposed,  the  amount  available  each  year,  and 
consequently  the  amount  available  per  head  of  the  population, 
has  been  greater  than  has  been  estimated.  On  the  other  hand, 
the  reduction  in  the  adopted  weight  per  bushel  of  the  home  and 
imported  wheat,  although  it  implies  an  increase  in  the  figure 
representing  the  measure  of  the  wheat  grown,  imported,  and 
consumed,  does  not  represent  any  increase  in  the  actual  quan- 
tities by  weight. 

It  is  proposed  to  consider — ^the  methods  and  the  results  of  the 
estimates  and  records  for  the  past  forty  years,  as  previously  given ; 
how  far  they  require  modification,  in  view  of  the  altered  factors 
in  regard  to  imported  wheat  and  flour,  and  the  corrected  estimates 
of  the  population,  as  above  referred  to ;  and  whether  any,  or 
what  changes,  should  be  adopted  in  the  future.  Lastly,  attention 
will  be  directed  to  the  important  bearings  of  the  results  finally 
arrived  at. 

The  DiTA  Required. 

In  our  first  paper  on  the  subject,  published  in  this  Journal 
(Vol.  rV.,  2nd  Series,  Part  11.)  in  1868,  the  estimates  and  records 
were  given  for  each  division  of  the  United  Kingdom  separately, 
and  for  the  whole  collectively,  but  in  1880  the  illustrations  were 
confined  to  the  United  Kingdom  as  a  whole,  and  it  is  proposed 
so  to  limit  them  on  the  present  occasion. 

For  each  harvest-year  the  data  required  are — ^the  area  under 
wheat ;  theaverage  yield  of  wheat  per  acre  over  the  wholeconntry ; 
the  aggregate  home  produce,  and  the  amount  of  it  available 
for  consumption ;  the  net  imports  ;  the  population ;  and  the  aver- 
age consumption  of  wheat  per  head  of  the  population  per  annum. 

The  data  at  command  in  1868,  and  tiie  results  arrived  at, 
were  fully  discussed  in  the  paper  of  that  date,  and  for  detailed 
information  reference  must  be  made  to  it,  but  the  main  facts  may 
be  briefly  summarised  as  follows : — 

The  Area  under  Wheat, — For  the  fourteen  years  1852  to  1865 
inclusive,  estimates  only  were  available  for  fixmg  the  area  under 
the  crop  in  England  and  Wales.  For  Scotland,  returns  were 
collected  by  the  Highland  Society  for  the  years  1854,  1855, 
1856,  and  1857 ;  but  for  the  two  years  prior  to  1854,  and  for 
the  eight  years  1858-65  inclusive,  estimates  only  had  to  be 
relied  upon.     For  Ireland,  returns  have  been  available  from  the 
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commencement  of  oar  inqniiy  up  to  the  present  time.  For 
1866,  and  for  each  year  since,  thanks  to  the  exertions  of  the  late 
Sir  James  (then  Mr.)  Caird,  we  have  an  official  record  of  the  area 
under  the  crop,  in  each  division  of  the  United  Kingdom,  and  m 
the  whole  collectively,  in  the  ^^  Agricultural  Returns  "  annually 
published  about  the  time  of  harvest.  For  the  last  twenty-six 
years,  therefore,  one  element  of  uncertainty  in  any  estimates  of 
the  home  produce  of  wheat  has  been  removed. 

The  Average  Yield  of  Whea/t  per  Acre. — For  1884,  and  each 
year  since,  estimates  of  the  average  yield  of  wheat  per  acre  in 
England,  Wales,  Scotland,  Great  Britain,  Ireland,  and  the 
United  Kingdom  as  a  whole,  have  been  published  by  the  Board 
of  Agriculture,  in  the  "  Agricultural  Produce  Statistics."  But, 
prior  to  that  date,  the  only  returns  or  official  estimates  at  com- 
mand relating  to  the  subject  were,  for  Scotland  for  four  years, 
1854-57,  and  for  Ireland  for  each  year  within  the  period  of 
our  inquiry  ;  whilst,  for  England  and  Wales,  comprising  in  the 
earlier  years  from  85  to  90,  and  in  the  later  nearer  95,  per  cent, 
of  the  total  area  under  the  crop,  there  was  no  official  informa- 
tion whatever  for  any  year  prior  to  1884,  as  above  referred  to. 
For  this  large  proportion  of  the  United  Kingdom  it  was,  there- 
fore, after  very  full  consideration  of  the  data,  and  of  the  results 
to  which  they  led,  decided  to  adopt  the  average  produce  per 
acre  each  year  on  certain  selected  and  very  differently  manured 
plots,  in  the  permanent  experimental  wheat  field  at  Bothamsted, 
as  the  basis  of  the  estimates  of  the  average  produce  per  acre 
each  year ;  and  the  same  data  have  been  relied  upon  in  forming 
an  estimate  of  the  average  produce  over  the  United  Kingdom 
as  a  whole.  But,  having  regard  to  the  character  of  the  soil  of 
the  experimental  field  at  Rothamsted,  to  the  characters  of  the 
individual  seasons,  and  to  the  consideration  whether  the  season 
was  more  favourable  for  heavy  or  for  light  land,  and  so  on,  the 
estimate  actually  adopted  for  the  country  at  large  has,  in  some 
seasons,  and  especially  in  bad  seasons,  differed  somewhat  from 
the  actual  average  indicated  on  the  selected  plots  in  the  experi- 
mental field.  Lastly,  in  all  cases,  the  actual  number  of  bushels 
per  acre  has  been  reduced  by  calculation  into  bushels  of  the 
adopted  weight  of  61  lb.  per  bushel. 

For  detailed  discussion,  and  for  illustrations  of  the  applica- 
bility of  the  data^for  the  purposes  of  an  estimate  of  the  yield  of 
the  country  at  large,  so  far  as  evidence  was  availablei  at  that 
time  after  adopting  them  for  a  period  of  sixteen  years,  we  must 
refer  to  our  first  paper  on  the  subject  published  in  the  Journal  in 
1868 ;  and  for  further  discussion,  after  the  application  of  the  data 
for  a  periodof  twenty-eightyears,  to  ourpapers  given  inthe/oumoJ 
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of  the  Statisticdl  Socieiyj  and  in  this  Joamal,  in  1880,  as  already 
referred  to.  We  have  now,  however,  experience  in  the  use  of 
such  data  for  a  period  of  forty  years ;  and,  with  this  aid,  it  is 
proposed  further  to  examine  into  their  validity,  and  to  the  trust- 
worthiness of  the  results  arrived  at,  as  tested  by  subsequent 
knowledge,  and  by  the  accordance  or  otherwise  of  the  results 
so  obtained,  with  conclusions  arrived  at  with  regard  to  other 
elements  of  the  question. 

The  Aggregate  Home  Produce^  and  the  AmourU  of  it  available 
for  Consumption. — It  is  obvious  that  if  the  area  under  the  crop, 
and  the  average  yield  per  acre,  are  known,  the  aggregate  home 
produce  is  very  easily  calculated.  In  estimating  the  amount  of 
the  total  produce  which  is  available  for  consumption,  deduction 
has  to  be  made  for  the  amount  annually  returned  to  the  land  as 
seed.  As  explained  in  our  first  paper  (in  1868),  we  then  as- 
sumed 2^  bushels  per  acre  (calculated  on  the  acreage  of  the  past 
year  for  the  next)  to  be  on  the  average  so  returned  to  the  land ; 
and  this  amount  was  deducted  from  the  aggregate  produce  for 
each  year  from  1852  to  1886  inclusive;  but,  for  1887  and  each 
year  since,  only  2  bushels  per  acre  have  been  deducted  from  the 
total  home  produce  in  estimating  the  amount  available  for  con- 
sumption. 

TJke  imports. — For  the  whole  of  the  period  to  which  our  in- 
quiry relates,  returns  have  been  available  for  the  United  King- 
dom collectively,  either  of  the  net  imports  of  wheat  and  of 
wheat-flour,  or  of  the  imports  and  exports  from  which  the  net 
imports  could  be  calculated.  For  the  separate  divisions  of  the 
country  the  returns  have  not  been  so  complete ;  and,  mainly 
for  this  reason,  we  have,  since  our  first  paper,  in  1868,  confined 
attention  to  the  United  Kingdom  as  a  whole.  For  the  United 
Kingdom,  returns  are  available  for  the  individual  weeks  or 
months  ;  and,  as  our  estimates  are  made,  not  for  calendar,  but 
for  "  harvest-years,''  that  is,  from  September  1  of  one  year  to 
August  31  of  the  next,  the  records  enable  us  to  calculate  the  net 
imports  for  the  exact  period  required. 

The  PopukUian. — The  Registrar-General  publishes  an  esti- 
mate of  the  population  at  the  middle  of  the  calendar  year  for 
every  year  between  one  census  and  another ;  and  from  these 
data  we  have  calculated  the  average  number  of  consumers  for 
the  harvest-year.  The  middle  of  the  calendar  year  being  the 
end  of  June,  and  the  middle  of  the  harvest-year  the  end 
of  February,  the  plan  adopted  has  been  to  add  to  the  number 
recorded  for  the  preceding  midsummer  two-thirds  of  the 
difference  between  that  figure  and  the  number  given  for  the 
next  midsummer,  thus  bringing  the  estimate  up  to  the  end  of 
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February.  Of  course,  this  can  only  be  done  after  the  record 
for  the  second  midsammer  is  published,  and  hence  the  same 
plan  is  not  available  in  estimating  the  population  of  the  then 
current  harvest-year  soon  after  harvest  each  year.  For  this 
purpose,  the  plan  has  been  to  estimate  the  increase  of  population 
since  the  preceding  midsummer  up  to  the  end  of  the  following 
Febniary  (the  middle  of  the  harvest-year)  at  the  same  rate  as 
that  indicated  by  the  recorded  increase  during  the  three  months 
prior  to  the  preceding  midsummer.  Such  estimates  can  obvi- 
ously be  only  approximate,  and  it  has  been  suggested  to  us 
that  it  would  be  more  correct  to  adopt  the  rate  of  increase  on 
the  whole  preceding  twelve  months  instead  of  on  the  three 
months  only.  This  we  did  in  our  estimate  for  the  then 
current  harvest-year  soon  after  harvest  last  year,  and  we  propose 
to  do  the  same  in  future.  But,  under  any  circumstances,  the 
annually  published  estimates  are  only  provisional ;  and,  as  above 
intimated,  in  any  publication  of  the  estimates  of  the  average 
population,  for  the  individual  harvest-years,  subsequent  to  the 
publication  of  the  record  for  the  second  midsummer,  the  figure 
obtained  during  the  current  harvest-year  has  always  been  cor- 
rected accordingly.  The  results  show  some  irregularities  of 
increase,  especially  immediately  after  the  census  years,  pre- 
sumably from  anew  factor  being  then  adopted  for  the  calculation 
of  the  annual  increase  of  population  during  the  intercensal 
period.  It  will  be  seen  further  on,  however,  that  some,  and 
sometimes  even  material,  corrections,  beyond  those  above  referred 
to,  should  be  made,  for  some  of  which  the  data  have  not  been 
available  until  quite  recently. 

The  Average  Consumption  of  Wheat  per  Head  of  the  Population 
per  Annuw,. — Previously  to  the  publication  of  our  first  paper  on 
this  subject  in  1868,  a  higher  figure  had  generally  been  assumed 
than  we  were  then  led  to  adopt.  For  England  and  Wales  we 
founded  an  estimate  of  the  average  consumption  per  head  of 
the  population,  on  the  calculation  of  eighty-six  different  dietaries, 
arranged  in  fifteen  divisions,  according  to  sex,  age,  activity  of 
mode  of  life,  and  other  circumstances;  and  the  result  so  obtained 
^as  compared  with  that  arrived  at  on  the  basis  of  population, 
and  of  the  amounts  of  the  estimated  available  home  produce, 
and  of  the  net  imports,  of  wheat  each  year.  For  Scotland  and 
for  Ireland  it  was  only  possible  to  found  an  estimate  on  the 
basis  of  population  and  the  estimated  amounts  of  the  home  and 
foreign  supplies.  On  these  bases,  the  average  consumption  of 
wheat  in  the  United  Kingdom  collectively  was  reckoned  at  5*1 
bushels  (of  61  lb.  per  bushel)  per  head  of  the  population  per 
annum  during  the  first  eight  years,  1852-53  to  1859-60,  and  at 
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5-5  bushels  during  the  second  eight  years,  1860-61  to  1867-68  ; 
and  in  the  subsequent  annually  published  estimates  that  figure 
was  adopted  up  to  1879-80  inclusive.  But,  on  the  review  of 
the  estimates  and  their  resalts  in  our  second  paper,  in  1880,  the 
consumption  was  estimated  at  5  6  bushels  during  the  third  eight 
years,  and  5*65  subsequently ;  and  this  last  figure  has  been 
adopted  since  that  date,  that  is,  from  1876-77  up  to  the  present 
time.  The  correctness  of  this  estimate  in  the  past,  and  its  con- 
tinued applicability  in  the  future,  will  be  considered  farther  on. 

Reconsideration  of  the  Data. 

Prom  the  foregoing  review  it  results  that,  so  far  as  the  area 
under  the  crop,  and  the  amount  of  the  imports,  are  concerned, 
the  same  data  must  be  relied  upon  as  heretofore.  But,  in  regard 
to  the  average  produce  of  wheat  per  acre  over  the  United 
Kingdom  «ach  year,  the  estimates  of  the  population  each  year, 
and  those  of  tlie  consumption  per  head  of  the  population,  the 
basis  of  the  estimates,  and  the  results  arrived  at,  will  now,  after 
the  experience  of  forty  years,  and  with  the  further  information 
available,  be  submitted  to  careful  re-examination,  and  be  con- 
firmed or  corrected  accordingly,  as  the  case  may  be. 

The  Estimates  of  the  Average  Produce  of  Wheat  per  Acre 
in  the  United  Kingdom  each  Year, 

We  will  first  consider  the  validity  of  the  estimates  of  the 
average  yield  of  wheat  per  acre  over  the  United  Kingdom  each 
year.  As  already  stated,  they  have  been  founded  on  the  average 
produce  obtained  on  certain  selected  plots  in  the  field  at  Rotham- 
Bted,  which  is  now  growing  the  crop  for  the  fiftieth  year  in 
succession — without  manure,  with  farmyard  manure,  and  with 
various  artificial  manures.  There  has  been  no  change  in  the 
treatment  of  either  the  unmanured  or  the  farmyard  manure  plot 
since  the  commencement  of  the  experiments  in  1843-44.  There 
were,  however,  some  changes  in  the  manures  applied  to  the  various 
artificially  manured  plots  during  the  first  eight  years,  that  is,  to 
1850-51  inclusive.  But,  for  all  the  subsequent  crops,  from  1852 
np  to  the  present  time,  two  of  the  three  selected  artificially- 
manured  plots  have,  respectively,  received  exactly  the  same 
manure  each  year,  and  the  third  has  d(Hie  so  for  a  period  of 
thirty  years  from  1854-55  to  1888-84;  after  which,  from 
1884-85  and  since,  another  plot  has  received  the  same  manureS; 
and  from  that  time  the  results  obtained  on  it  have  been  brought 
into  the  calculation,  as  further  explained  below. 

B  2 
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The  selected  plots  are : — 

Plot  3.  Unmanured  every  year,  commencing  1843-44. 

Plot  2.  Fourteen  tons  feirmyard  manure  every  year,  com- 
mencing 1843-44. 

Plot  7.  Mixed  mineral  manure,  and  400  lb.  ammonium- 
salts,  each  year,  commencing  1851-52. 

Plot  8.  Mixed  mineral  manure,  and  600  lb.  ammonium- 
salts,  each  year,  commencing  1851-52. 

Plot  9  (or  16).  Mixed  mineral  manure,  and  550  lb.  sodium 
nitrate,  each  year,  thirty  years,  1854-55  to  1883-84,  on  Plot  9 ; 
and  the  same  manures  on  Plot  16,  1884-85,  and  each  year 
since. 

In  forming  the  estimate  of  the  average  produce  per  acre 
in  the  United  Kingdom  each  year,  the  plan  has  been  to  take 
the  mean  produce  of  the  unmanured  plot',  the  farmyard- 
manure  plot,  and  of  the  three  artificially  manured  plots  reckoned 
as  one,  and  to  reduce  the  result  so  obtained  to  bushels  of  the 
adopted  weight  of  61  lb.  per  bushel.  As  will  be  shown  farther 
on,  experience  has  proved  that  this  mode  of  computation  leaves 
little  to  be  desired  as  a  means  of  estimating  the  average  yield  of 
the  country  at  large  over  a  number  of  years,  and  indeed  for  most 
individual  years.  It  has  not,  however,  been  found  equally  appli- 
cable for  every  individual  year.  Careful  comparison  leads  to  the 
conclusion,  that  the  so  calculated  average  produce  per  acre,  on  the 
selected  plots,  probably  gives  somewhat  too  high  a  result  for  the 
country  at  large  in  seasons  of  great  abundance,  and  too  low  a  result 
in  very  unfavourable  seasons.  Accordingly,  as  already  referred 
to,  in  some  seasons,  instead  of  the  actual  average  indicated  by  the 
experimental  plots,  a  higher  or  a  lower  figure  has  been  adopted; 
and,  especially  in  the  case  of  some  bad  seasons,  a  higher  one  has 
been  taken. 

Independently  of  any  such  admitted  occasional  differences 
between  the  so  directly  calculated,  and  the  actually  adopted, 
estimates  for  individual  years,  the  questions  arise— whether  the 
average  result  indicated  by  the  several  selected  plots  remains  as 
applicable  as  heretofore  ?  Or  whether  the  produce  of  some  of 
them  is  annually  declining,  or  that  of  others  annually  increasing, 
irrespectively  of  the  influence  of  season ;  so  as  to  vitiate  the 
continued  applicability  of  the  results  for  the  purposes  of  the 
estimate  for  which  they  have  hitherto  been  employed  ?  This 
point  was  carefully  considered  in  our  paper  in  1880,  on  a 
review  of  the  results  obtained  up  to  that  time,  that  is,  over  a 
period  oftwenty-eight  years;  and,  with  the  additional  experience 
now  extending  to  forty  years,  we  on  the  present  occasion  submit 
it  to  further  detailed  re-consideration. 
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The  Unmanured  Plot. — There  can  be  no  doubt  that  the 
prodnce  of  this  plot  has  gradually  declined ;  and,  independently 
of  the  evidence  of  diminishing  produce,  analyses  of  the  soil,  at 
different  periods,  show  that  there  has  been  a  gradual  diminution 
in  the  amount  of  nitrogen  in  it.  Bat,  owing  to  the  great 
fluctuations  in  the  f^mount  of  produce  from  year  to  year  depen- 
dent on  season,  it  is  by  no  means  easy  to  estimate  the  decline 
due  to  exhaustion  of  the  soil,  as  distinguished  firom  variations 
due  to  the  seasons. 

In  the  first  place  it  is  difficult  to  say  what  figure  should  be 
adopted  as  the  standard  produce  of  the  plot  by  which  to  compare 
the  yield  from  year  to  year.  The  whole  field  was  manured  with 
farmyard  dung  in  1839,  and  then  grew  turnips  (fed  on  the  land), 
barley,  peas,  wheat,  and  oats,  before  the  commencement  of  the 
experiments  in  1843-4.  The  plot  then  grew  eight  crops  of 
wheat  without  manure,  to  1850-1,  before  the  commencement 
of  the  period  to  which  our  present  estimates  refer.  Although, 
at  the  conclusion  of  the  five-course  rotation  since  manuring 
above  described,  the  land  would  doubtless  be,  in  an  agricultural 
sense,  so  far  exhausted  as  to  require  re-manuring,  there  can  be 
no  doubt  that  there  would  nevertheless  be  some  accumulation 
due  to  comparatively  recent  manuring  and  cropping.  It  would 
be  supposed,  however,  that  the  growth  of  wheat  for  eight  years 
in  succession  without  manure  would  remove  most,  if  not  all, 
accumulation  which  could  be  attributed  to  comparatively  recent 
treatment.  Indeed,  there  can  be  little  doubt  that  the  land 
would  suffer  more  or  less  exhaustion  during  those  eight  years  ; 
but,  as  serving  to  counteract  the  tendency  to  decline  in  yield 
from  exhaustion  during  that  period,  it  happened  that,  taken 
together,  those  eight  seasons  were  of  more  than  average  pro- 
ductiveness. 

Upon  the  whole,  therefore,  it  was,  in  1880,  considered  that 
the  average  prodnce  of  those  eight  years,  which  was  17  bushels 
per  acre,  at  61  lb.  per  bushel,  might  be  taken  fairly  to  represent 
the  standard  produce  of  the  unmanured  land,  independently  of 
material  exhaustion.  Adopting  this  as  the  standard,  we  en- 
deavoured to  estimate  whether,  or  to  what  extent,  there  had  been 
decline  in  yield  during  the  twenty-eight  years,  due  to  exhaustion, 
independently  of  variations  due  to  season.  To  this  end  we 
first  endeavoured  to  calculate  what  should  be  the  produce  in 
each  year  subsequent  to  the  first  eight,  provided  there  were  no 
decline  from  exhaustion,  but  only  variation  from  season.  As- 
saming  that,  if  there  were  no  exhaustion,  it  would  each  year 
fluctuate  from  the  standard  under  the  influence  of  season  in  the 
same  proportion  as  the  fluctuation  of  the  adopted  average  yield 


12  Home  Prodiice,  Imports,  Consumption^  and 

of  the  country  at  large,  the  produce  that  the  unmanured  plot 
should  yield  each  year  has  been  calculated ;  and  the  difference 
between  the  result  so  obtained  and  the  actual  yield  of  the  plot 
each  year  shows  the  excess  or  deficiency  of  the  actual  produce, 
and,  if  deficiency,  indicates  the  decline  due  to  exhaustion. 

In  1880,  with  the  results  for  twenty-eight  years  then  at 
command,  such  a  calculation  showed  an  average  deficiency  over 
the  period  of  rather  more  than  4|  bushels.  This,  therefore, 
according  to  the  mode  of  calculation  adopted,  represented  the 
decline  of  the  produce  on  the  unmanured  plot  during  that  period 
irrespectively  of  season.  The  results  further  showed  that,  sup- 
posing the  decline  had  been  uniform  over  the  whole  period,  it 
would  correspond  to  a  rate  of  diminution  of  between  one-quarter 
and  one-third  of  a  bushel  from  year  to  year.  It  was  suggested, 
however,  whether  with  a  return  of  better  seasons  the  decline 
would  be  as  marked.  In  reference  to  this  point  it  may  be 
stated,  that  the  last  nine  of  the  twenty-eight  years  gave  a  lower 
average  produce  over  the  country  at  large  than  any  equal 
period  of  the  previous  nineteen  or  of  the  succeeding  twelve 
years ;  and  that  they  gave  an  average  of  only  9  bushels  per 
acre  on  the  unmanured  plot  against  12|  bushels  over  the  suc- 
ceeding twelve  years.  Following  the  same  line  of  calculation 
for  forty  years,  with,  as  above  referred  to,  a  return  of  better 
seasons,  especially  during  the  last  eight  or  nine  years,  to  1891 
inclusive,  the  figures  showed  almost  exactly  the  same  average 
deficieucy  of  actual  produce,  compared  with  the  standard  of  17 
bushels,  over  the  forty  years  as  was  formerly  found  for  the  twenty- 
eight  years,  namely,  4^  bushels,  against  rather  more  than  4f 
bushels  over  the  twenty-eight  years.  This,  if  the  decline  had 
been  uniform,  would  correspond  to  less  than  a  quarter  (about 
two-ninths)  of  a  bushel  per  acre  from  year  to  year  over  the  forty 
years,  instead  of  nearly  one-third  of  a  bushel  over  the  twenty-eight 
years.  But  even  this  reduced  rate  of  decline,  due  to  a  return  of 
better  seasons,  indicated  a  calculated  produce  on  the  unmanured 
plot  of  only  about  8  bushels  in  the  fortieth  year,  against  an 
actual  produce  over  the  last  three  years  of  about  13  bushels ;  and 
it  showed  an  average  of  only  about  9  bushels  over  the  last  ten 
years,  against  an  actual  average  of  nearly  12^  bushels. 

It  was  concluded,  therefore,  that  the  adopted  standard  of  17 
bushels  showed  a  greater  decline  than  was  indicated  by  the 
actual  produce  obtained,  and  that  that  standard  was  too  high. 
Accordingly,  the  calculations  have  now  been  made  on  the  as- 
sumption that  the  standard  unmanured  produce  with  which  to 
compare  the  actual  produce,  as  influenced  by  exhaustion,  was 
only  1 6  bushels. 
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Adopting  16  bushels  as  the  standard,  the  resalt  is,  that 
with  an  average  actual  produce  over  the  twenty-eight  years  of 
rather  over  12^  bushels,  the  average  decline  is  less  than  3^ 
instead  of  nearly  4^  bushels  when  17  was  taken  as  the  standard ; 
and  the  rate  of  decline  from  year  to  year  is  rather  less  than  one- 
quarter  of  a  bushel,  instead  of,  as  before,  nearly  one-third  of  a 
bushel.  And,  whilst  with  a  standard  of  17  bushels  the  calcu- 
lated produce  in  the  twenty-eighth  year  was  little  more  than  8 
bushels,  with  a  standard  of  16  bushels  it  is  more  than  9  bushels. 

Then,  the  results  for  forty  years  show,  with  a  standard  of  16 
bushels,  and  an  actual  average  produce  of  about  12^  bushels,  an 
average  decline  of  about  3^,  instead  of  about  4^  bushels  with  a 
standard  of  1 7  bushels ;  and  the  average  rate  of  reduction  from 
year  to  year  is  little  more  than  one-sixth  of  a  bushel  instead  of 
nearly  one-quarter  of  a  bushel,  with  1 7  bushels  as  the  standard. 
Further,  whilst  with  17  bushels  as  the  standard,  the  calculated 
produce  would  amount  to  little  more  than  8  bushels  in  the 
fortieth  year,  showing  a  deficiency  of  nearly  9  bushels,  with  a 
standard  of  16  bushels  the  calculated  produce  would  be  more 
than  9  bushels  in  the  last  year,  and  the  reduction  less  than  7 
bushels  since  the  beginning. 

Upon  the  whole,  therefore,  assuming  the  standard  produce 
of  the  unmanured  plot  to  have  been  16  bushels  per  acre  inde- 
pendently of  material  exhaustion,  there  was  an  average  decline 
from  year  to  year  of  rather  less  than  a  quarter  of  a  bushel  over 
the  twenty-eight  years,  and  of  little  more  than  one-sixth  of  a 
bushel  over  the  forty  years.  It  will  be  seen  that  a  return  of 
better  seasons  since  the  first  twenty-eight  has  led  to  a  consider- 
able reduction  in  the  estimate  of  the  rate  of  decline  from  year  to 
year  due  to  exhaustion.  It  remains  to  be  seen  what  will  be  the 
result  in  the  future ;  and  whether  a  point  has  already  been,  or 
will  in  time  be  reached,  at  which  the  produce  will  remain 
constant,  excepting  so  far  as  it  is  influenced  by  the  fluctuations 
of  the  seasons. 

The  Fcunmjard  Manure  Plot. — It  has  been  seen  that  the  un- 
manured plot  has  declined  in  yield  and  fertility ;  but  there  can 
be  no  doubt  that  the  farmyard  manure  plot  has,  on  the  other 
Hand,  increased  in  fertility.  Analyses  of  the  surface  soil  at 
different  periods  has  shown  that  it  has  become  about  twice 
H8  rich  in  nitrogen  as  that  of  the  unmanured  plot.  It  has, 
indeed,  been  shown  on  several  occasions,  that  a  large  amount  of 
the  constituents  of  farmyard  manure  accumulates  within  the 
soil,  and  that  they  are  very  slowly  taken  up  by  crops ;  in  fact, 
notwithstanding  this  great  accumulation  within  the  soil,  the 
wheat  crops  on  the  dunged  plot  seldom,  if  ever,  show  over 
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luxuriance ;  and  in  unfavourable  seasons  the  produce  has  been 
comparatively  small,  largely  owing  to  the  encouragement  of 
weeds,  and  especially  of  grass,  which,  in  wet  seasons,  it  has  been 
impossible  effectually  to  eradicate,  and  what  has  been  done  has 
not  been  accomplished  without  injury  to  the  crop. 

In  writing  upon  the  results  of  the  twenty-eight  years, 
1852-1879,  we  adopted,  as  in  the  case  of  the  unmanured  plot, 
the  average  of  the  preceding  eight  years,  1844-51,  to  repre- 
sent the  standard  yield  of  the  farmyard  manure  plot,  irre- 
spectively of  material  accumulation.  The  figure  so  arrived  at 
was  28^  bushels  at  61  lb.  per  bushel.  Adopting  this  as  the 
standard  produce  of  the  plot,  then  calculating  what  would  be 
the  produce  in  each  of  the  subsequent  twenty-eight  years,  pro- 
vided it  fluctuated  from  the  standard  from  year  to  year  in  the 
same  degree  as  the  fluctuation  of  the  average  produce  of  the 
country  at  large,  and  then  taking  the  difference  between  this 
calculated  produce  fluctuating  by  season  alone,  and  that  actually 
obtained  each  year,  the  result  indicated  the  increase,  if  any,  due 
to  accumulation.  On  this  mode  of  calculation,  the  average 
increase  due  to  accumulation  would  amount,  over  the  twenty- 
eight  years,  to  about  5  bushels  ;  and  the  average  rate  of  increase 
from  year  to  year,  provided  it  were  uniform  throughout  the 
period,  would  be  rather  less  than  |  of  a  bushel. 

Adopting  the  same  amount,  28^  bushels,  as  the  standard 
yield,  and  following  the  same  line  of  calculation  for  the  forty 
years,  the  average  increase  would  amount  to  rather  over  6^ 
bushels,  and  the  rate  of  increase  from  year  to  year,  if  uniform 
throughout  the  period,  would  be  rather  less  than  one-third  of  a 
bushel ;  that  is,  less  per  annum  over  the  forty  than  over  the 
twenty-eight  years,  which,  towards  the  end,  included  a  series 
of  very  unfavourable  seasons. 

Such  are  the  results  for  the  twenty-eight  and  for  the  forty 
years,  on  the  assumption  that  the  standard  produce  of  the  farm- 
yard manure  plot,  irrespectively  of  material  accumulation,  was 
only  28 J  bushels.  This  is,  however,  certainly  a  very  low  pro- 
duce to  be  obtained  by  the  annual  application  of  14  tons  of 
farmyard  manure  per  acre  for  eight  years  in  succession,  and  in 
seasons  which,  taken  together,  were  of  more  than  average  pro- 
ductiveness. If,  however,  we  exclude  the  produce  of  the  first  of 
the  eight  years,  1844,  which  gave  a  high  yielding  crop  over  the 
country  at  large,  but  less  than  20  bushels  on  the  farmyard 
manure  plot,  the  average  of  the  remaining  seven  years  amounts 
to  29 '3  bushels,  whilst  three  of  the  seven  yielded  more  than  30 
bushels,  and  two  others  29  bushels  or  more.  Adopting  29*3 
bushels  as  the  standard  instead  of  28^,  the  result  would  be  an 
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average  increase  of  only  about  3}  instead  of  about  5  bushels  over 
the  twenty-eight  years,  and  of  only  5^  bushels  instead  of  6^ 
over  the  forty  years ;  whilst  the  average  increase  from  year  to 
year,  if  uniform  throughout  the  period,  would  be  little  more 
than  one-quarter  of  a  bushel  instead  of  nearly  f  of  a  bushel  over 
the  twenty-eight  years,  and  little  over  one-quarter  of  a  bushel 
instead  of  nearly  one-third  of  a  bushel  over  the  forty  years. 

The  general  result  is,  then,  that  if  we  exclude  the  produce  of 
the  first  of  the  eight  preceding  years  (1844),  which  the  fact  of 
the  high  produce  over  the  country  at  large,  and  the  low  produce 
of  the  experimental  plot,  seems  fully  to  justify,  we  get  a  stan- 
dard produce  of  the  farmyard  manure  plot  of  29*3  instead  of 
28|>  bushels  by  which  to  calculate  the  subsequent  increase  from 
accumulation  ;  and  the  estimated  rate  of  increase  is  accordingly 
lower. 

The  Ariifidally-manured  Plots, — Neither  the  previous  history 
of  the  plots,  nor  common  experience,  enables  us  to  adopt  a 
standard  average  produce  for  the  respective  manures,  with  which 
to  compare  the  actual  produce  each  year,  so  as  to  form  a  j  adg- 
ment  whether  there  has  been  progressive  decline  or  progressive 
increase  in  the  productive  effect  of  the  manures  irrespectively 
of  fluctuations  dependent  on  season.  If  we  take  the  average 
produce  of  either  of  the  plots  over  the  twenty-eight  or  the  forty 
years  as  its  standard  produce,  and  then  take  the  difference 
between  this  standard  and  the  actual  yield  each  year,  we  get 
more  or  less  difference,  sometimes  plus  and  sometimes  minus  in 
the  individual  years,  according  to  t^e  characters  of  the  season ; 
but  over  the  total  period  of  twenty-eight  or  forty  years,  the 
average  of  which  is  taken  for  the  standard,  the  pluses  and  the 
minuses  necessarily  balance  one  another ;  showing,  therefore, 
neither  progressive  decline  nor  progressive  increase  due  to  the 
manure. 

A  careful  study  of  the  results  in  detail  also  indicates  that  there 
is  practically  no  appreciable  variation  from  year  to  year  in  the  pro- 
duce of  the  respective  manures,  other  than  that  obviously  attri- 
butable to  the  seasons.  Or,  if  we  divide  the  total  period  into  a 
number  of  shorter  ones,  the  difference  of  result  for  each  of  the 
shorter  periods  is  again  seen  to  depend  on  the  favourable  or  un- 
favourable conditions  of  the  seasons  included.  On  the  other 
hand,  the  examination  clearly  shows,  that  the  selected  artificially 
manured  plots  give  a  proportionally  higher  produce  in  seasons 
of  high  productiveness  than  the  excess  over  the  average  in  the 
country  at  large  would  indicate.  In  other  words,  so  far  as  the 
yields  of  the  selected  artificially  manured  plots  are  brought 
into  the  estimates,  they  tend  to  indicate  somewhat  too  high  a 
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produce  in  the  better   Beasons,  and  somewhat  too  low  a  pro- 
duce in  unfavourable  seasons. 

If,  then,  as  a  careful  examination  of  the  facts  seems  to  indi- 
cate, the  yield  of  the  unmanured  plot  has  somewhat  declined 
from  exhaustion,  and  that  of  the  farmyard  manure  plot  has  in  a 
rather  greater  degree  increased  from  accumulation,  whilst  the 
produce  of  the  selected  artificially  manured  plots  has  not 
changed  otherwise  than  from  year  to  year,  according  to  the  fluc- 
tuations of  the  seasons,  the  question  arises  whether,  or  to  what 
extent,  the  average  results  of  the  whole  of  the  selected  plots 
should  be  considered  inapplicable  as  a  basis  for  estimating  the 
yield  for  the  United  Kingdom  each  year,  either  during  the  past 
forty  years,  or  in  the  future. 

In  order  to  form  a  judgment  on  this  point,  the  produce  of 
the  unmanured  plot  in  each  of  the  past  forty  years  has  been  in- 
creased in  the  proportion  in  which  the  previous  calculations 
showed  that  there  had  probably  been  decline  from  exhaustion, 
and  that  of  the  farmyard  manure  plot  has  been  reduced  in  the 
proportion  in  which  the  calculations  showed  that  there  had  pro- 
bably been  increase  from  accumulation.  That  is  to  say,  the 
actual  results  have  been  corrected  on  the  assumption  that  there 
had  been  neither  decline  from  exhaustion  in  the  one  case,  nor 
increase  from  accumulation  in  the  other.  Then,  the  average  of 
the  thus  corrected  produce  of  the  unmanured  and  of  the  farm- 
yard manure  plot,  and  of  the  three  artificially  manured  plots 
(which  are  supposed  not  to  have  changed)  taken  as  one,  has 
been  calculated,  and  this  corrected  or  odculated  average  pro- 
duce of  the  selected  plots  each  year  has  then  been  deducted  from 
the  average  of  the  actual  average  results,  the  difierence  showing 
the  excess  of  the  actual  over  the  calculated  result  each  year,  due 
to  the  greater  increase  by  accumulation  on  the  farmyard  manure 
plot,  than  decline  by  exhaustion  on  the  unmanured.  The  result 
indicates  an  average  over  the  forty  years  of  rather  more  than 
half  a  bushel  excess  of  produce  per  acre  per  annum ;  and  an 
excess  of  rather  over  a  bushel  in  the  fortieth  year,  supposing 
the  rate  of  increase  had  been  uniform  throughout  the  period. 
Whether  or  not  this  change  vitiates  the  applicability  of  the  data 
as  hitherto  used,  or  their  utility  for  the  same  purpose  in  the 
future,  will  be  better  seen  farther  on. 

It  has  already  been  explained,  that  the  average  produce  of 
the  selected  plots  probably  indicates  somewhat  too  high  a 
result  for  the  United  Kingdom  in  seasons  of  great  abundance, 
and  too  low  a  result  in  very  unfavourable  seasons,  and  that, 
accordingly,  in  some  seasons  a  higher  or  a  lower  figure  has  been 
adopted ;  but  that  the  estimates  so  founded  on  the  produce  of 
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the  selected  plots  have,  as  a  matter  of  fact,  been  proved  to  be 
very  near  the  truth  for  series  of  years,  and  in  most  cases  for 
individual  years  also.  Illustrations  of  this  will  be  adduced 
&rther  on. 

The  Results  for  the  Forty  Years,  according  to 
the  previously  adopted  standards. 

Appendix-Table  I.  (p.  58)  gives  the  particulars  of  the  home 
produce,  the  imports,  and  the  consumption,  of  wheat  in  the  United 
Kingdom,  for  the  forty  harvest-years,  1852-3  to  1891-2,  in  the 
same  form  as  published  in  former  papers  for  shorter  periods. 
The  area  under  the  crop,  the  estimated  average  produce  per 
acre,  the  total  home  produce  each  year  calculated  therefrom, 
and  the  amount  available  for  consumption  after  deducting  the 
quantity  required  for  seed,  are,  for  the  first  twenty-eight  years,  the 
same  as  given  in  our  last  paper  on  the  subject  in  this  Journal 
(Vol.  XVI.,  2nd  Series,  Part  2,  1880)  ;  and  for  the  subsequent 
years  they  are,  with  some  immaterial  subsequent  corrections, 
the  same  as  given  in  the  annual  letter  on  the  wheat  crop  of  the 
country. 

The  net  imports  (imports  less  exports)  have,  however,  been 
recalculated  throughout  on  one  uniform  basis.  Thus,  the  same 
source  is  now  adopted  throughout,  namely,  the  Trade  and 
Kamgation  Returns y  which  formerly  had  not  been  used  for  the 
earlier  years;  and  we  have  now  to  thank  Mr.  Giffen,  of  the 
Board  of  Trade,  for  kindly  giving  us  access  to  the  records. 
Again,  for  the  earlier  years,  the  quantities  of  wheat  returned  in 
cwts.  were  calculated  into  equivalent  quarters,  and  the  quantities 
of  "wheat-meal  and  flour  "returned  in  cwts.  into  their  equivalent 
quarters  of  wheat,  by  factors  not  always  precisely  corresponding 
with  what  seem  to  have  been  the  officially  adopted  relations. 
Now,  the  wheat  imported  as  wheat,  and  returned  in  cwts.,  has 
been  converted  into  quarters,  as  we  understand  had  been  done 
by  the  Departments,  by  multiplying  the  cwts.  by  -j^,  which  gives 
quarters  of  485^  lb.  =  8  bushels  of  60f  lb.  per  bushel;  and 
the  imported  "  wheat-meal  and  flour,"  returned  in  cwts.,  has 
been  calculated  into  quarters  of  wheat  (also  as  we  understand 
had  as  a  rule  been  done  by  the  Departments)  by  reckoning  3^ 
cwts.  of  "  wheat-meal  and  flour  "  to  be  equivalent  to  a  quarter 
of  wheat.  This  calculation  corresponds  to  80-77  by  weight 
of  "  wheat-meal  and  flour"  to  100  of  wheat;  and  it  gives  the 
result  in  quarters  of  wheat  of  60|  lb.  per  bushel.  In  some  of 
the  earlier  years,  however,  it  is  stated  in  the  Returns  that  1  cwt. 
of  "  wheat-meal  and  flour  "  was  taken  as  equivalent  to  1  ^  cwt,  of 
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wheat,  which  corresponds  to  80  parts  by  weight  of  "  wheat-meal 
and  flour  "  to  100  of  wheat. 

The  general  result  of  the  adoption  of  the  above  data,  and  of 
the  slightly  altered  modes  of  calculation,  has  been  to  make 
changes  which  are  practically  immaterial ;  but  it  was  thought 
better,  on  republication,  to  have  the  results  calculated  uniformly 
throughout. 

The  population  is  taken  as  before;  but,  as  will  be  seen 
farther  on,  the  figures  will  be  subject  to  some  alteration  for  the 
intercensal  years,  according  to  corrections  subsequently  published 
by  the  Registrar-General. 

It  is  obvious  that  the  alterations  in  the  calculation  of  the 
imports,  as  above  described,  will  slightly,  though  quite  immateri- 
ally, affect  the  calculations  of  the  amount  of  wheat  available  for 
consumption  per  head  from  home  and  from  foreign  sources  re- 
spectively, within  each  year,  and  also  the  sum  of  the  two. 

Appendix-Table  I.  (p.  58)  therefore  gives,  with  what  have 
tuVned  out  to  be  immaterial  corrections,  a.  complete  record  of 
the  home  produce,  imports,  and  consumption,  of  wheat  over 
the  forty  years  of  our  estimates,  so  far  as  already  pubUshed, 
either  in  our  former  papers  or  in  the  annual  estimates ;  and 
before  applying  to  the  estimates  of  the  past,  the  alterations 
or  corrections  which  we  have  stated  will  be  necessary  in  the 
future — in  accordance  with  the  altered  standards  recently 
adopted  by  the  Departments  in  the  calculation  of  cwts.  of 
wheat  into  quarters,  and  of  cwts.  of  "  wheat-meal  and  flour " 
into  quarters  of  wheat,  and  with  the  corrections  of  the  popu- 
lation since  recorded  by  the  Registrar-General — it  will  be 
instructive  to  consider  the  bearing  of  the  results  obtained 
without  these  alterations,  for  the  period  of  forty  years,  as  for- 
merly for  shorter  ones. 

We  will  first  compare  in  this  way  the  directly  calculated 
average  produce  of  the  selected  experimental  plots  at  Rotham- 
sted,  with  the  annually  adopted  estimate  of  the  average  produce 
of  the  United  Kingdom  founded  upon  them ;  and  next  show 
how  far  the  adopted  estimates  have  been  borne  out  by  other 
evidence  bearing  upon  the  subject. 

The  following  Table  (I.)  shows,  for  each  of  the  first  four  eight- 
yearly  periods,  for  the  next  five  years,  and  for  the  total  thirty- 
seven  years,  1852-88  inclusive, — also  separately  for  the  last 
thre«  years,  1889-91,  and  for  the  total  period  of  forty  harvest- 
years,  1852-91, — the  produce  of  wheat  per  acre,  in  bushels  of 
61  lb.,  as  hitherto  always  reckoned,  as  under : — 

1.  The  directly  calculated  mean  produce  per  acre  on  the 
selected  plots  in  the  experimental  wheat  field  at  Rothamsted. 
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2.  The  annually  adopted  estimates  of  the  prodace  per  acre 
in  the  United  Kingdom,  as  foonded  on  the  results  obtained  on 
the  selected  plots. 

3.  The  prodace  per  acre,  as  calculated  by  deducting  the  net 
imports,  sabseqnentiy  recorded,  from  the  total  estimated  re- 
quirement for  consumption  given  as  forecast  each  year,  adding 
to  the  result  the  amount  assumed  to  be  returned  to  the  land  as 
seed,  and  dividing  the  product  by  the  area  under  the  crop. 

Tajblb  I. 


I 


Produce  per  acre,  at  61  lb.  per  bushel 


Averages  for : — 
8  years  1852-8 
8  „  1860-1 
8  „  1868-9 
8  „  1876-7 
5      ,.     1884-5 


to  1859-60 
„  1867-8 
„  1876-6 
„  1883-4 
„  1888-9 


37 
3 

40 


»> 


1851^-3  „  1888-9 
1889-90  „  1891-2 

1852-3     „  1891-2 


Directly  calcu- 
lated mean 
produce  of  the 
selected  plots 

Bu3hels* 

27J 
29 
27 
23 

29 


27 
30^ 


27J 


According  to 

annually 

adopted 

estimates 


According  to 
consumption 
and  imports 


Busbds 


21\ 


Bushels 


27 
2 


3 


27J 


5  years  1884-5    to  1888-9    . 
3     „     1889-90  „  1891-2    . 


Tz. r 


8 


1884-5    ..  1891-2 


29 
80J 


28 
3 


% 


3( 
2( 


29^ 


29* 


It  will  be  seen  that  although  the  Table  relates  to  a  period  of 
forty  years,  the  results  are  given  for  four  periods  of  eight  years 
and  for  one  of  five,  making  together  only  thirty-seven  years  ;  and 
that  those  for  the  last  three  years,  and  the  average  for  the  total 
forty  years,  are  given  separately.  The  reason  is,  .that,  notwith- 
standing very  much  labour  annually  bestowed  on  hand-hoeing, 
the  land  had,  in  the  later  years,  partly  owing  to  the  characters 
of  the  seasons,  become  very  foul ;  Alopecyrus  agrestis  (slender 
fox-tail)  being  the  most  prominent  and  troublesome  weed. 
Hence,  for  the  crops  of  1889,  down  one-half  the  length  of  the 
plots  (the  top),  only  alternate  rows  were  sown,  in  order,  as  far 
as  possible,  to  eradicate  this  and  some  other  plants ;  the  other 
half  (the  bottom)  being  sown  in  the  usual  way.  For  the  crop 
of  1890,  on  the  other  hand,  the  full  number  of  rows  were  sown 
on  the  top  half,  and  only  alternate  rows  on  the  bottom,  in  order 
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the  better  to  clean  that  portion.  For  the  crop  of  1891,  how- 
ever, the  full  namber  of  rows  were  again  sown  over  the  whole 
length  of  each  plot. 

In  1889,  the  produce  of  the  ordinarily  or  thick-sown  portion 
of  the  land  was  taken  as  the  produce  of  the  plot ;  and  this  being 
the  bottom  portion,  which  is  the  worst  half  of  the  plots,  was  un- 
doubtedly abnormally  low ;  the  selected  plots  yielding  a  mean 
produce  of  only  27^  bushels  at  61  lb.  per  bushel,  whilst  our 
actually  adopted  estimate  was  29^  bushels. 

In  1890,  the  top  half  of  the  plots  was  ordinarily  sown,  and 
this  portion  being  not  only  the  better  half,  but  having  been 
only  thin-sown — that  is,  partially  fallowed — in  1889,  the  produce 
was  without  doubt  abnormally  high  ;  the  average  produce  of  the 
selected  plots  being  37 J  bushels,  whilst  we  estimated  the  yield 
of  the  country  at  large  to  be  only  31^  bushels.  Accordingly, 
we  have  adopted  the  mean  produce  of  the  thick-  and  the  thin- 
sown  portions,  as  more  nearly  representing  the  normal  produce 
of  the  plots ;  and  this  gives  an  average  for  the  selected  plots  of 
80|  bushels,  which  is  not  much  less  than  our  adopted  average 
yield  for  the  United  Kingdom. 

Lastly,  in  1891,  the  entire  plots  were  ordinarily  sown,  but 
after  partial  fallow  of  the  top  half  in  1889,  and  of  the  bottom 
half  in  1890.  The  produce  was,  therefore,  assumed  to  be 
abnormally  high.  The  average  of  the  selected  plots  gave  32 1 
bushels  at  61  lb.  per  bushel ;  but  we  estimated  the  crop  of  the 
country  at  only  29^  bushels  at  611b.,  or  30  bushels  at  601b. 
per  bushel. 

It  was,  therefore,  under  abnormal  conditions  of  the  land, 
that  abnormal  results  were  obtained  in  the  last  three  years  of  the 
forty,  and  hence  the  same  accordance  as  usual  between  the  actual 
produce  of  the  selected  plots  and  the  estimated  yield  of  the 
country  in  the  individual  years  was  not  to  be  expected.  It  is 
seen,  however,  that  the  average  yield  of  the  selected  plots  over 
these  three  years  taken  together  was,  nevertheless,  identical  with 
the  estimated  yield  of  the  United  IQngdom  over  the  same  three 
years — namely,  30J  bushels. 

Let  us  now  consider  the  estimates  of  yield  per  acre  calcu- 
lated in  the  three  different  ways,  over  the  individual  periods, 
and  over  the  total  period  of  the  first  thirty-seven  of  the  forty 
years.  Although  in  the  majority  of  seasons  the  mean  produce 
of  the  selected  plots  closely  represents  the  average  produce  per 
acre  of  the  United  Kingdom,  as  has  already  been  stated  it 
generally  indicates  a  somewhat  higher  yield  than  the  average 
ot  the  country  at  large  in  seasons  of  high  productiveness,  and  a 
somewhat  lower  one  in  unfavourable  seasons ;  and  hence,  in  some 
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seasons,  we  have  adopted  an  estimate  rather  higher  or  rather 
lower,  as  the  case  may  be,  than  the  exact  experimental  results 
would  indicate.  Accordingly,  the  figures  show  that,  over  the 
eight  years  1860-1  to  1867-8,  which  included  several  of  very 
high  productiveness,  the  average  yield  on  the  selected  plots  was 
29  bushels,  whilst  the  average  of  the  annually  adopted  estimates 
for  the  United  Kingdom  over  the  same  period  was  28|  bushels, 
or  rather  less.  Again,  over  the  eight  years  1876-7  to  1883-4, 
which  included  some  exceptionally  bad  seasons,  the  selected 
plots  gave  an  average  of  only  23  bushels,  whilst  the  average  of 
the  annually  adopted  estimates  of  the  yield  of  the  United  Kingdom 
was  24|  bushels.  Taken  over  the  whole  period  of  the  thirty- 
seven  years  of  normal  treatment  of  the  land,  however,  the 
selected  plots  indicate  an  average  of  27  bushels,  against  27^, 
according  to  the  annu^Iy  adopted  estimates.  In  other  words, 
there  is,  over  the  thirty-seven  years,  only  a  difference  of  a 
quarter  of  a  bushel  per  acre  per  annum  between  the  direct 
indication  of  the  produce  of  the  selected  experimental  plots  and 
the  results  of  the  annually  adopted  estimates.  Lastly,  even  in- 
cluding the  abnormal  results  of  the  last  three  years,  the  average 
for  the  forty  years  is  seen  to  be  27^  bushels  according  to  the 
actual  results  of  the  selected  plots,  and  27^  bushels  according 
to  the  annually  adopted  estimates,  showing,  therefore,  a  difference 
of  only  \  bushel  over  the  forty  years. 

We  will  now  compare  the  annually  adopted  estimates  of  the 
produce  of  the  country  at  large  with  the  results  given  in  the 
last  column  of  the  Table,  which  are  obtained  by  deducting  the 
subsequently  recorded  net  imports  from  the  estimated  total  re- 
quirement forcon8umption,each  year  adding  the  amounts  required 
for  seed,  and  dividing  the  product  by  the  number  of  acres  under 
the  crop.  It  is  seen  that,  over  each  of  the  first  four  eight-yearly 
periods,  there  is  a  difference  of  only  ^  bushel  per  acre  between 
the  average  of  the  annually  adopted  estimates  and  the  average 
of  the  results  founded  as  above  on  consumption  and  imports 
over  the  same  periods. 

Over  the  subsequent  five  years,  however,  whilst  the  average 
of  the  annually  adopted  estimates  indicates  28  J  bushels  per  acre 
for  the  home  crop,  the  calculated  result  founded  on  consumption 
and  imports  shows  30|  bushels,  or  a  difference  of  1|  bushels  in 
excess  of  the  average  of  the  estimates.  On  the  other  hand,  over 
the  last  three  years,  whilst  the  average  of  the  annually  adopted 
estimates  is -30  J  bushels,  the  result  founded  on  consumption  and 
imports  indicates  only  26|  bushels,  or  a  deficiency  of  4^  bushels. 
The  facts  are,  as  will  be  seen  farther  on,  that  the  amounts 
available  for  consumption  per  head  of  the  population  from  home 
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and  foreign  supplies  taken  together,  were  comparatively  low 
within  the  five  years,  the  imports  not  increasing  at  so  rapid  a 
rate  as  previously ;  whilst  daring  the  last  three  years,  and 
especially  in  the  last  harvest-year  (1 891-2),  the  imports  were  very 
much  in  excess  of  the  requirements.  Hence,  during  the  five  years, 
the  amount  of  imports  to  deduct  from  the  requirements  for  con- 
sumption were  comparatively  low,  leaving,  according  to  the  mode 
of  calculation,  a  larger  proportion  to  be  apparently  derived  from 
the  home  produce  ;  whilst,  over  the  last  three  years,  the  imports 
being  undoubtedly  in  excess  of  the  requirements,  deducting  them 
from  the  requirements  leaves  a  too  low  amount  to  be  credited  to 
the  home  crop.  If,  however,  we  take  the  average  for  the  two 
periods  of  five  and  three  years  together,  that  is,  for  the  last  eight 
years,  as  shown  in  the  bottom  line  of  the  Table,  the  average 
of  the  annually  adopted  estimates,  and  the  result  founded  on 
consumption  and  imports,  difier  by  only  :^  of  a  bushel. 

Finally,  taking  the  result  for  the  total  period  of  forty  years 
in  each  case,  the  average  of  the  annually  adopted  estimates, 
and  that  calculated  from  consumption  and  imports,  are  identical, 
namely  27^  bushels ;  whilst  the  actual  average  produce  oC.  the 
selected  plots  is  27^  bushels. 

So  much  for  the  validity,  in  the  past,  of  the  results  of  the 
selected  plots  in  the  experimental  field  at  Rothamsted,  as  a  basis 
for  the  annual  estimation  of  the  yield  per  acre  of  the  United 
Kingdom. 

We  will  now  consider  how  far  the  estimates  of  the  total  home 
crop  available  for  consumption  arrived  at  as  above,  together 
with  the  actually  returned  net  imports  each  year,  indicate 
amounts  consumed  per  head  of  the  population  from  home  and 
foreign  sources  respectively,  and  from  the  two  together,  which 
confirm  the  estimates  that  have  been  annually  made  of  the  total 
requirement  per  head  of  the  population. 

Table  II.  (p.  23)  shows,  for  each  of  the  first  four  eight-yearly 
periods,  for  the  next  five  years,  and  for  the  total  thirty-seven 
years,  also  for  the  last  three  years,  and  for  the  total  period  of 
forty  years,  the  amoants  of  wheat  available  for  consumption  per 
head  per  annum,  from  home  and  from  foreign  sources  respectively, 
and  from  both  together,  according  to  the  estimates  of  the  home, 
the  actual  records  of  the  foreign  supplies,  and  the  returns  of  the 
population,  as  given  in  the  Appendix-Table  I.  (p.  58) ;  and,  in 
the  last  column  of  the  Table  there  are  given  for  comparison,  the 
averages  for  each  period  of  the  annually  adopted  estimates  of  the 
total  requirement  per  head  of  the  population.  It  should  be  added 
that,  in  these  calculations  relating  to  our  past  estimates,  the 
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population  for  each  year  has  been  taken  as  adopted  in  oar  previous 
papers  and  annual  estimates,  ifrhich  are,  as  has  been  explained, 
subject  to  alteration  in  accordance  with  corrections  made  from 
time  to  time  by  the  Registrar-General,  and  which  will  be  carried 
oat  in  subsequent  Tables. 

The  first  point  to  notice  in  the  Table  is  the  marked  reduc- 
tion from  period  to  period  in  the  amount  and  proportion  of  the 
total  requirement  for  consumption  which  is  supplied  by  the 
home-crop.  Thus,  according  to  the  figures,  3-74  bushels  were 
obtained  per  head  per  annum  from  the  hon:e  produce  over  the 
first  eight  years,  and  only  r88  bushel,  or  less  than  half  as  much, 

Table   TT. 


Available 

for  coDsumption 

per  head 


From 

huiiic 

produce 


Prom 
imports 


Averages  for : — 

8  years  1852-3  to  1859-60 

8       „     1860-1  to  1867-8  . 

8       „     1868-9  to  1875-6  . 

8       „     1876-7  to  1883-4  . 

6      ,.     l»84--5  to  1888-9  . 


BuHheiB    I    Bu8hf.lB 


37 
3 

40 


„     1852-3    to  1888-9 
„     1889-90  to  1891-2 


3-74 
3-31 
2-93 
2-03 
1-83 


2-85 
1-83 


tf 


1852-3    to  1891-2 


2-  7 


1-33 
2-18 
2-66 
3-63 
3-69 


Total      ' 

Bushels 

6-07 

5-49 

5-59 

6-66     ' 

552     1 
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per  head 

per  annum 


Bushels 


5-10 
6-50 
6-60 
5-65 
5-65 


5-49 
5-65 


5-50 


5  years  1884-5    to  1888-9 
3       „     1889-90  to  1891-2 

8       ..     1884-5    to  1891-2 


It 


1-83 

3-69 

1-83 

407 

1-83 

3-83 

6-52 
6-90 


5-65 
5  6.) 


o-tio 


over  the  last  eight  years  of  the  forty.  On  the  other  hand, 
imports  supplied  an  average  of  only  1*33  bushel  per  head  per 
annum  over  the  first  eight  years  of  the  forty,  and  3  83  bushels, 
or  not  much  less  than  three  times  as  much,  over  the  last  eight. 
Let  us  now  turn  to  the  third  .column,  showing  the  total 
amounts  available  per  head  per  annum  from  home  and  foreign 
sources  taken  together,  and  compare  the  results  there  given 
with  those  for  the  same  periods  in  the  last  column,  according  to 
which  the  estimates  of  the  requirement  for  consumption  have 
been  calculated  each  year  as  forecast.  It  is  seen  that,  over  each 
of  the  five  eight-yearly  periods,  the  amounts  calculated  from  the 
estimated   home-crop  and  the  subsequently  recorded  imports. 
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agree  almost  absolutely  with  the  annually  adopted  estimates  for 
the  same  periods.  For  reasons  already  explained,  however, 
when  considering  the  results  in  Table  I.,  the  ^mounts  calculated 
as  available  per  head,  from  home  and  foreign  sources  together, 
are  pretty  certainly  too  low  for  the  first  five  years  of  the  last 
eight,  and  too  high  for  the  last  three  years.  But,  as  will  be 
seen  in  the  bottom  lines  of  the  Table,  the  amount  calculated  as 
available  per  head  per  annum  over  the  last  eight  years,  that  is, 
taking  the  five  years  and  the  three  years  together,  is  almost 
identical  with,  but  very  slightly  in  excess  of,  the  annually 
adopted  estimate  for  the  period  ;  the  average  amount  calculated 
as  available  being  5*66  bushels,  and  the  estimate  for  the  period 
annually  adopted  as  forecast  being  5  05  bushels.  Lastly,  the 
average  consumption  per  head  per  annum  over  the  forty  years 
is  5*50  bushels,  reckoned  from  the  amounts  available  from  home 
produce  and  imports  together,  and  it  is  absolutely  the  same 
taking  the  average  of  the  annually  adopted  estimates  of  require- 
ment per  head  over  the  same  period. 

Such,  then,  is  the  accordance  of  the  estimate  of  the  con- 
sumption per  head  per  annum  of  the  population,  founded  on 
the  amounts  of  wheat  available  from  home  and  foreign  sources, 
with  the  annually  adopted  estimates  of  the  requirement  per 
head.  It  is  to  be  remembered  that  these  estimates  of  the  past 
are  on  the  assumption  of  60§  lb.  per  bushel  for  the  doubtless 
somewhat  drier  foreign  wheat,  and  of  61  lb.  per  bushel  for  the 
produce  of  the  home  crop. 

!Effects  of  the  Application  to  our  previous  Records 
AND  Estimates  of  the  recently  adopted  Standards 
OR  Corrections. 

We  have  now  to  consider  the  differences  which  the  changes 
in  the  weight  per  bushel  of  wheat,  and  in  the  relation  of  flour 
to  wheat,  which  have  been  recently  adopted,  and  also  the  cop- 
rectioDs  in  the  number  of  the  population  which  have  been 
referred  to,  would  make  in  our  results  over  the  last  forty  years, 
if  these  various  alterations  were  adopted  throughout  in  the 
records  and  estimates  of  the  past,  as  it  is  proposed  they  shall  be 
in  those  of  the  future. 

Appendix-Table  II.  (facing  p.  58)  gives,  in  precisely  the 
same  form  as  in  Appendix-Table  I.  (p.  58),  the  results  for  the 
forty  years  as  to  the  estimated  home  produce,  the  amount  of  it 
available  for  consumption,  the  imports,  the  total  available  supply, 
the  population,  and  the  amounts  available  per  head  per  annum ; 
but  with  the  home  produce,  both  per  acre  and  aggregate,  and  the 
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imports,  reckoned  at  60  lb.  per  bushel  instead  of,  as  formerly,  the 
home  at  61  lb.  and  the  foreign  at  60f  lb.  per  bushel  ;  also  reckon- 
ing 72  parts  '*  wheat-meal  and  flour,"  instead  of,  as  formerly, 
80-77,  or  80  to  correspond  to  100  of  wheat;  and  lastly  with 
the  corrected  population.  It  also  shows  the  percentage  of  the 
total  available  supply  from  home  and  foreign  sources  respectively. 

Appendix-Table  II.  further  shows  the  average  Gazette  price 
of  the  home  wheat  per  quarter ;  and  the  calculated  price  pe^ 
quarter  of  the  imported  wheat,  according  to  the  Trade  and 
Navigation  Returns^  as  will  be  explained  farther  on,  for  each 
harvest-year ;  the  aggregate  value  of  the  wheat  available  within 
each  harvest-year,  both  home  and  imported;  also  the  aggre- 
gate value  of  the  wheat  estimated  to  be  required,  and  the  valas> 
per  head,  each  year. 

Before  referring  to  the  general  and  very  important  indica- 
tions of  this  very  comprehensive  Table,  it  will  be  well  to  discuss 
the  influence,  on  the  results,  of  the  several  individual  alterations 
adopted  in  it. 

First  as  to  the  population : — The  basis  of  the  corrections 
subsequently  adopted  by  the  Eegistrar-General  has  already  been 
explained  (p.  4).  It  would  serve  little  useful  purpose  to 
take  up  space  by  showing  the  corrections  for  each  individual 
year,  but  a  comparison  of  the  columns  showing  the  population 
each  year,  in  the  Appendix-Table  I,  uncorrected,  and  in  the 
Appendix-Table  II.  corrected,  will  supply  detailed  information  on 
the  point.  It  will  suffice  here  to  point  out  the  direction  and  range 
of  the  alterations  over  the  several  periods. 

In  the  intercensal  years  from  1861  to  1871,  and  from  1871 
to  1881,  there  is  a  progressively  increasing  addition  made  from 
the  first  to  the  last  year  from  census  to  census  in  each  case. 
This  ranges  over  the  first  of  the  two  intercensal  periods,  from 
between  2,000  and  3,000  in  the  first,  to  more  than  400,000  in 
the  last  year  of  the  ten ;  and  over  the  second  of  these  periods 
of  ten  yearQ  each,  from  about  26,000  in  the  first  to  about  18,00(i 
in  the  last  of  the  ten  years.  On  the  other  hand,  from  1881  to 
1890  inclusive,  there  is,  instead  of  an  addition,  a  reduction  in  a 
greater  proportion  than  the  former  additions.  The  reduction 
ranges  from  about  72,000  in  1882,  to  nearly  740,000  in  1890. 

These  statements  relate  to  the  returns  of  the  Registrar- 
General,  given  for  the  middle  of  the  year,  that  is,  for  the  end  of 
June  in  each  case.  But  it  is  to  be  borne  in  mind  that,  in  our 
Tables,  the  figures  are  given,  not  for  the  middle  of  the  civil, 
but  of  the  harvest-year;  that  is,  for  the  end  of  Februarv. 
The  effects  of  the  corrections  above  referred  to  on  our  eight- 
yearly  periods  of  harvest-years  are  as  follows : — Over  the  eight- 
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yearly  period,  1852-3  to  1859-60,  no  alteration  is  made. 
Over  the  second  period,  from  1860-1  to  1867-8,  with  an  average 
population  of  between  29  and  30  millions,  the  corrections  show 
a  progressively  higher  popalation  than  the  original  returns, 
ranging  from  under  2,000  in  the  first,  to  nearly  300,000  in  the 
last  of  the  eight  harvest-years,  and  an  average  annual  addition 
of  about  132,000.  Over  the  third  period,  1868-9  to  1875-6, 
there  is  still  a  progressively  increasing  addition,  amounting  to 
about  400,000  in  the  second  harvest-year ;  and  then,  after  the 
census  of  1871,  there  is  at  first  a  comparatively  small  increase, 
which  only  reached  about  105,000  in  the  eighth  year.  Over 
the  whole  period  of  eight  years,  with  an  average  population  of 
nearly  32,000,000,  the  average  annual  increase,  according  to  the 
amended  as  compared  with  the  original  returns,  amounts  to 
about  156,000.  Over  the  fourth  period,  from  1876-7  to 
1883-4,  there  is  some  increase  over  the  five  years  up  to  the 
census  of  1881,  and  afterwards,  that  is,  over  the  last  three 
years  of  the  period,  a  greater  annual  reduction ;  the  result 
being  that,  with  an  average  population  of  rather  more  than 
34,500,000,  the  corrections  add  an  average  annual  number  of 
less  than  12,000.  Lastly,  over  the  last  eight  years,  1884-5  to 
1891-2,  there  is,  up  to  the  census  of  1891,  a  considerable 
deduction  to  be  made  from  the  earlier  returns,  amounting  to 
more  than  700,000  in  1889-90;  but  afterwards  the  reduction 
is  quite  insignificant.  The  general  result,  so  far  as  this  last 
eight-yearly  period  is  concerned,  is  that,  with  an  average  popu- 
lation of  about  37,000,000,  the  corrected  figures,  compared 
with  the  earlier,  show  an  average  annual  reduction  of  about 
370,000. 

Taking  the  results  for  the  forty  years,  the  corrections  in  the 
direction  of. increase  are  so  far  compensated  by  those  in  the 
direction  of  reduction,  that  over  the  whole  period  they  indicate 
an  average  annual  reduction  which  amounts  to  only  about 
14,000.  It  will  not  be  surprising,  therefore,  that  although  the 
uncorrected  and  the  corrected  figures  for  the  population  show 
some  slight  difference  in  the  calculated  amount  of  wheat  available 
for  consumption  per  head  over  individual  periods,  they  make 
none  whatever  when  the  average  is  taken  over  the  forty  years. 
This  is  illustrated  in  Table  III.  on  the  opposite  page. 

It  should  be  understood  that  the  figures  in  the  Table  (III.) 
relate  to  the  amounts  of  wheat  available  as  recorded  in  Appendix- 
Table  I.  (p.  58),  that  is,  without  any  alteration  from  the  hitherto 
adopted  relation  of  imported  flour  to  wheat,  and  weights  per 
bushel  of  61  lb.  for  home,  and  of  60)  lb.  for  foreign  wheat. 
Indeed,  the  figures  in  the  first  column  are  precisely  the  same 
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as  those  given  in  Table  11.  (p.  23) ;  and  those  in  the  second 
are  only  altered  in  accordance  with  the  corrected  nnmber  of  the 
population.  It  will  be  seen  that  whilst  over  the  first  and 
fonrth  periods  the  two  columns  show  identical  amounts,  over 

Table  III. 


Total  wheat  available  for  oon- 
flumption  per  head 


Averages  for : — 
8  years  1852-3  to  1859-60 
8      „     1860-1  „  1867-8 
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5-66 
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1852-3  „  1891-2 
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Bcuhels 

607 
5-47 
5-56 
5-66 
6-72 


5*50 


the  second  and  third  periods,  the  second  (corrected)  shows 
slightly  lower  figures,  and  over  the  fifth  period  the  second 
column  shows  a  slightly  higher  amount.  The  two  calculations 
show,  however,  absolutely  identical  amounts  reckoned  over  the 
total  period  of  forty  years. 

The  next  point  to  consider  is  the  efiect,  upon  our  past  esti- 
mates, of  the  amount  of  wheat  available  for  consumption,  of  the 
altered  relation  recently  adopted  by  the  Boards  of  Ti'ade,  Cus- 
toms, and  Agriculture,  in  calculating  the  imported  '^  wheat-meal 
and  flour  "  into  their  equivalent  of  wheat. 

We  have  been  informed  that  wheat  imported  as  wheat  and 
returned  in  cwts.  was,  until  recently,  converted  into  quarters  by 
multiplying  the  cwts.  by  3  and  dividing  by  13.  This  gives 
the  weight  of  the  quarter =485^  lb.,  corresponding  to  60f  lb. 
per  bndbel.  Throughout  the  period  of  our  inquiry,  we  have 
frequently  checked  the  relation  between  the  official  returns  of 
imported  wheat  in  cwts.  and  its  recorded  equivalent  in  quarters, 
and  we  have  always  found  it  to  be  that  above  stated.  Wheat 
imported  as  wheat  has,  therefore,  been  recorded  in  quarters  of 
60}  lb.  per  bushel. 

Then  as  to  the  calculation  of  imported  "  wheat-meal  and 
flour  *'  into  its  equivalent  of  wheat.  In  Vol.  VI.  of  Tooke  and 
Newmarch's  History  of  PriceSy  published  in  1857,  they  say 
(pp.  466-7),  that  *'  flour "  returned  in  cwts.  is  calculated  into 
imperial  quarters  of  wheat  at  the  rate  of  3^  cwts.  of  flour  from 
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a  quarter  of  wheat.  Now,  taking  8^  cwts.  of  flour =392  lb., 
and  a  quarter  of  wheat  at  the  so  long  adopted  weight  of  60§  lb. 
per  bushel =485  J  lb.  per  quarter,  the  relation  is  100  of  wheat  for 
80*7  7  flour.  This  is  exactly  the  relation  which  we  find  to  hold 
good  in  the  oflScial  returns  of  flour  in  cwts.,  and  its  equivalent 
in  quarters  of  wheat,  for  about  the  latter  half  of  the  period  of 
our  inquiry ;  but,  at  any  rate  in  some  of  the  previous  years,  the 
relation  has  been  80  parts  of  flour  to  100  of  wheat,  instead  of 
80-77  to  100.  Indeed,  it  is  stated  at  the  head  of  the  Tables  in 
some  of  the  numbers  of  the  Statistical  Abstract  that  .1  cwt. 
of  imported  flour  is  reckoned  as  equivalent  to  1;^  c^^-  ^^  wheat ; 
and  when  the  returns  are  so  given,  we  have,  for  the  purposes  of 
our  estimates,  calculated  the  cwts.  of  wheat  so  obtained  into 
quarters  of  488  lb.,  corresponding  to  61  lb.  per  bushel.  It 
makes,  in  fact,  comparatively  little  difierence  in  the  number  of 
quarters  of  wheat,  whether  flour  is  reckoned  into  wheat  at  the 
rate  of  80*77  flour  to  100  wheat,  and  the  wheat  in  quarters  of 
485^  lb.  =  60§  lb.  per  bushel,  or  whether  80  flour  to  100  wheat, 
and  quarters  of  488  lb.  =  61  lb.  per  bushel,  be  adopted. 

Such  were  the  relations  adopted  in  the  oflBcial  returns  of 
imported  wheat,  and  of  imported  "  wheat-meal  and  flour,"  in 
the  conversion  and  representation  of  them  in  quarters  of  wheat 
up  to  1890  inclusive.  Commencing  with  1891,  however,  wheat 
has  been  reckoned  in  quarters  of  60  lb.  per  bushel =480  lb.  per 
quarter,  and  72  instead  of  80*77  parts  by  weight  of  imported 
flour  have  been  reckoned  as  equivalent  to  100  of  wheat.  Further, 
it  is,  we  are  informed,  proposed  to  correct  the  figures  which 
relate  to  1890  and  1889  in  future  issues  of  the  accounts  upon 
the  same  basis ;  and  also,  in  summarising  the  imports  of  wheat 
and  flour  as  wheat  for  a  series  of  fifteen  years,  as  is  annually 
done  in  the  Statistical  Abstract  for  the  United  Kingdom^  to 
raise  the  equivalent  1  per  cent,  each  year,  for  the  nine  years 
1888  to  1880  inclusive;  thus,  in  1888,  73  flour  for  100  wheat 
will  be  taken,  in  1887,  74  flour,  and  so  on,  until  in  1880  the 
old  figure  of  80*77  is  reached  ;  but  earlier  than  this  no  change 
will  be  made. 

The  question  obviously  arises — how  far  the  necessity  for  the 
change  is  due  to  corresponding  real  differences  in  the  yield  of 
flour  obtained  in  the  earlier  and  in  the  later  years  ?  It  is  quite 
certain  that  80*77  parts  by  weight  of  ordinary  bread-flour  have 
not  been  obtained  from  100  of  wheat ;  and  as  in  the  official 
returns  of  the  Board  of  Trade  the  imports  have  generally  been 
designated  as  "  Wheat-meal  and  Flour,"  the  question  is  sug- 
gested whether  any  material  quantity  of  wheat-meal  properly 
80  called — ^that  is,  simply  the  ground  grain,  of  which  the  latter 
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wonid  of  course  yield  cent,  per  cent.,  less  the  small  loss  in  grind- 
ing— ^be  included.  On  this  point  we  are  informed  that  the 
imports  of  wheat-meal  are  quite  insignificant.  The  question 
still  remains — whether  the  imports  included  any  large  propor- 
tion of  flour  of  lower  grades,  or  of  pollards  ?  Here,  again,  we 
are  informed  that  pollards  are  returned  as  such,  and  not 
included  under  the  designation  of  flour.  Then  it  is  to  be  ob- 
served that,  BO  long  ago  as  1857,  Tooke  and  Newmarch  desig- 
nated the  imports  as  "  flour,"  and  gave  the  relation  of  3^  cwt. 
of  flour  to  a  quarter  of  wheat  as  the  basis  of  the  conversion ; 
and,  as  has  been  seen,  this  relation  has  substantially  been 
adopted  up  till  quite  recent  years. 

Upon  the  whole,  therefore,  we  conclude  that  the  change 
recently  adopted  is  a  real  correction  of  an  estimate,  dating  from 
the  time  of  the  first  adoption  of  the  rough  and  ready  re(^oning 
of  3^  cwt.  of  flour  to  a  quarter  of  wheat.  We  think,  however, 
that  72  for  100  of  wheat  is  probably  somewhat  too  low  for  the 
average  of  imported  flours ;  and  that  at  any  rate  73,  if  not  even 
a  rather  higher  figure,  would  probably  better  represent  the 
relation  in  the  case  of  imported  flours.  That  English  millers 
consider  the  figure  72  too  high,  judged  by  the  yield  in  this 
country,  seems  irrelevant  to  the  present  question,  which  has 
reference  to  imported  flour  alone.  About  three-fourths  of  the 
Hour  imported  into  the  United  Kingdom  come  from  the  United 
States,  and  from  our  own  inquiries  we  are  led  to  believe  tbat, 
both  at  Miimeapolis  and  at  San  Francisco,  the  yield  of  barrelled 
flour  for  export  is  certainly  not  less  than  72  from  100  of  wheat. 
Then  about  10  per  cent,  of  our  imports  come  from  Austrian 
territories,  and  the  average  yield  there  is  probably  at  least  74 
parts  of  flour  from  100  of  wheat. 

Under  all  the  circumstances,  therefore,  we  have  decided  that 
if  in  our  revised  Table  we  assume  the  now  adopted  figure  of  72 
flour  for  100  wheat  as  applying  to  the  returns  of  imported  wheat 
flour  from  the  period  of  the  commencement  of  our  inquiry, 
namely,  the  harvest-year  1852-3,  for  the  whole  forty  years  end- 
ing 1891-2,  we  shall  probably  bring  the  figures  more  nearly 
into  harmony  with  the  actual  facts,  than  by  adopting  any  com- 
promise or  partial  scheme  founded  on  probably  more  uncertain 
data.  A  frirther  reason  in  favour  of  the  plan  proposed  is  that, 
as  will  be  seen  presently,  the  amount  of  wheat  represented  by 
imported  flour  b^rs  but  an  insignificant  proportion  to  the  whole 
quantity  available  fix)m  all  sources  in  the  earlier  years,  and  a 
gradually  increasing  one  up  to  the  present  time.  The  consequent 
alteration  in  the  records  for  each  individual  year  of  the  forty 
will   be  seen  on  comparing  the  uncorrected  results  given  in 
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Appendix-Table  I.  (p.  58).  with  the  corrected  ones  in  Ap- 
pendix-Table II.  (facing  p.  58). 

The  following  Table  (IV.)  summarises,  for  each  eight-yearly 
period,  and  for  the  forty  years,  the  effect  on  the  results  of  adopt- 
ing throughout,  72  flour  for  100  wheat,  instead  of,  as  formerly, 
taking  8^  cwt.  flour  to  a  quarter  of  wheat,  corresponding  to 
80'77  flour  to  100  wheat.  The  first  column  shows  the  average 
amount  of  wheat  per  annum  for  each  period,  due  to  imported 
flour  on  the  old  calculation,  and  the  second  column  correspond- 
ing results  on  the  new  basis.  The  right-hand  division  of  the 
Table  shows — in  the  first  column  the  total  available  supplies  o( 
wheat,  home  and  foreign  together,  with  the  imported  flour 
reckoned  according  to  the  old  factor ;  in  the  second  column  the 
same,  but  with  imported  flour  reckoned  into  wheat  by  the  new 
factor ;  and  in  the  last  column  the  difference.  In  all  cases  the 
imported  wheat  is  reckoned  in  quarters  of  485^  lb.,  which  oorre* 
spond  to  60§  lb.  per  bushel. 

Tablb  IV. 
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3,588,693  |  32,254,441   33,535,499    +281,058 


The  first  two  columns  show  that,  over  the  first  eight  years, 
1852-8  to  1859-60,  the  amount  of  wheat  due  to  imported 
flour  was  less  than  .1,000,000  quarters;  during  the  next  two 
eight-yearly  periods  it  rose  to  about  1^  million  quarters;  dur- 
ing the  fourth  period  to  considerably  over  3,000,000,  or  more 
than  twice  as  much  as  formerly,  and  over  the  last  eight  years  to 
about  5,000,000  quarters,  or  about  1^  time  as  much  as  over  the 
immediately  preceding  eight  years.  Lastly,  the  average  per 
annum  over  the  total  period  of  forty  years  has  corresponded  to 
rather  under  2^  million  quarters  according  to  the  old,  and  to 
over  2^  million  quarters  according  to  the  new  calculation. 
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Turning  to  the  results  given  in  the  last  three  columns  of  the 
Table,  we  there  see  the  influence  of  the  alteration  on  the  estimate 
of  the  total  available  annual  supply  of  wheat  from  all  sources  ; 
the  last  column  showing  the  increase  over  the  former  estimates 
of  the  supply,  on  the  assumption  that  the  new  calculations 
more  nearly  represent  the  truth.  It  will  be  seen  that  the 
change  represents  an  annual  increase  of  supply  over  former 
reckonings  of  about  113,000  quarters  over  the  first  eight 
years,  of  about  171,000  over  the  second,  of  nearly  175,000 
over  the  third,  of  more  than  382,000  over  the  fourth,  and  of 
nearly  564,000  over  the  fifth  eight-yearly  period.  Lai'ge  as 
these  amounts  seem,  especially  in  the  later  periods,  it  is  satis- 
factory to  know  that  they  represent  an  increase  in  the  total 
supply  of  only  about  0*64  per  cent,  over  the  first  eight  years, 
0*84  per  cent,  over  the  second,  0-79  per  cent,  over  the  third,  1*56 
over  the  fourth,  and  2-13  per  cent,  over  the  fifth  eight-yearly 
period ;  whilst  over  the  forty  years  they  represent  a  difference  of 
only  1*26  per  cent. 

Nevertheless,  these  quantities  do  represent  a  veritable  and 
not  immaterial  amendment  of  the  former  estimates.  The  effect 
of  the  adoption  of  the  change  on  our  previous  estimates  of  the 
average  annual  consumption  of  wheat  per  head  of  the  population 
is  brought  to  view  in  Table  V.  The  first  column  shows  our 
annually  adopted  estimates  of  the  consumption  per  head ;  and 
the  remaining  columns  the  amounts  available  per  he^.  The 
second  column  shows  the  amounts  of  the  total  available,  derived 
from  the  home  produce;  the  third  and  fourth  the  amounts 
derived  from  imports,  according  to  the  old  and  the  new  calculation 
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respectively ;  and  the  fifbh  and  six  columns  the  total  amounts 
available  per  head  from  home  and  foreign  sources  together,  also 
respectively,  according  to  the  old  and  the  new  calculations ;  and 
the  last  column  shows  the  increase  in  the  available  total  supply 
per  head  per  annum^  according  to  the  new  as  compared  with  the 
old  calculations. 

In  the  first  place  it  is  to  be  observed,  that  the  estimates  of 
the  average  amounts  available  per  head  over  the  difierent 
periods  from  home  produce,  are,  of  course,  in  no  way  affected  by 
the  alteration  in  the  calculation  of  the  imports.  It  is  seen, 
however,  comparing  the  third  and  fourth  columns,  that  there  is, 
over  each  period,  a  slight  increase  in  the  estimated  amount  of 
the  supplies  from  foreign  sources,  due  to  the  alteration  in  the 
calculation  of  the  amount  of  wheat  corresponding  to  the  imports 
of  flour.  There  is  necessarily  the  same  amount  of  increase 
shown  on  comparing  the  fifth  and  six  columns,  which  repre- 
sent the  total  quantities  annually  available  per  head  over  each 
period,  according  to  the  old  and  the  new  calculation  respectively. 
The  actual  amount  of  increase  indicated  as  due  to  the  new 
mode  of  estimate  is  shown  in  the  last  column.  It  is  seen  to 
be  small  over  the  first,  second,  and  third  periods,  but  greater 
over  the  fourth,  and  greater  still  over  the  fifth,  amounting  then 
to  01 2  bushel  per  head  per  annum. 

On  this  point  it  may  be  observed,  that  the  annually  adopted 
estimates  for  the  last  eight-yearly  period  show  an  average 
annual  requirement  of  5*65  bushels,  whilst  the  amount  calcu- 
lated from  the  available  supplies  of  home  and  foreign  wheat, 
and  the  population,  show,  for  the  same  period,  according  to  the 
old  calculation,  566,  and  according  to  the  new  5*78  bushels 
per  head.  It  may  be  of  interest  to  state,  however,  that  an 
increase  in  the  consumption  of  0*12  bushel  per  head  on  a  popu- 
lation of  about  37  millions,  which  was  approximately  the  average 
for  the  period,  represents  an  increase  in  the  annual  requirement 
of  about  564,000  quarters  on  the  previously  estimated  amount 
of  nearly  26,500,000  quarters. 

It  will  be  obvious  that  the  change  in  the  estimates  of  the 
total  amount  of  wheat  annually  available  for  consumption,  and 
of  the  annual  consumption  per  head  accordingly,  in  no  way 
vitiates  the  significance  of  the  accordance  of  the  estimates  of 
consumption  and  of  requirement  hitherto  annually  made,  with 
the  amounts  subsequently  recorded  as  available.  But  it  will  be 
equally  obvious  that  it  implies  a  real  change,  not  only  in  the 
figures  previously  adopted,  but  in  the  actual  quantities  they 
represent  on  the  two  points.  It  is  to  be  borne  in  mind  that  in 
all  the  foregoing  summary  Tables,  the  old  reckoning  of  61  lb. 
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per  bushel  for  home  produce,  and  of  60f  lb.  per  bushel  for  im- 
ported wheat,  are  adopted;  and  the  last  two  summary  Tables 
(IV.  and  V.)  indicate  the  extent  of  the  change  expressed  in 
quarters,  or  bushels,  of  the  above-mentioned  weights  per  bushel. 
The  amounts  so  expressed,  of  course,  represent  a  real  increase, 
both  in  the  aggregate  quantities  available,  and  in  the  consump- 
tion per  head,  compared  with  those  previously  assumed.  On 
the  other  hand,  although  the  adoption  for  the  past,  as  in  the 
Appendix-Table  II.  (facing  p.  58),  and  in  all  future  estimates 
as  we  propose,  of  a  uniform  weight  of  60  lb.  per  bushel,  both  for 
home  and  for  foreign  wheat,  will  materially  alter  the  figures, 
the  alteration  so  made  will  not  represent  any  change  in  actual 
quantity. 


The  Results  for  the  Forty  Years,  according  to  the 
recently  adopted  standards  or  corrections. 

We  have  now  discussed  the  influence,  on  our  former  estimates, 
of  corrections  made  by  the  Registrar-Greneral  of  the  originally 
recorded  numbers  of  the  population,  and  it  has  been  shown  to 
be  comparatively  immaterial.  We  have  also  considered  the 
influence  on  the  past  estimates,  of  the  change  adopted  by  the 
Departments,  in  the  calculation  of  imported  flour  into  its  equi- 
valent of  wheat,  and  this  has  been  found  to  involve,  though  a 
comparatively  small,  yet  by  no  means  an  immaterial,  correction. 
We  propose  now  to  apply  the  weight  of  60  lb.  per  bushel  to  the 
whole  of  the  estimates  for  the  past  forty  years,  an  alteration 
which,  as  we  have  pointed  out,  involves  no  change  in  actual 
quantity,  but  only  in  the  mode  of  representation  ;  and  it  is  from 
the  results  as  so  calculated,  that  we  shall  draw  illustrations  as 
to  the  bearing  and  the  importance  of  the  facts  which  the  inquiry, 
extended  over  so  long  a  period,  brings  to  light.  We  shall  also 
point  out  what  changes  will  be  adopted  in  future  estimates. 

Afl  already  intimated,  the  Appendix-Table  II.  (facing  p.  58) 
gives  the  whole  of  the  results  for  the  forty  years,  embodying  the 
corrections  in  the  number  of  the  population  which  have  been 
referred  to,  those  due  to  the  altered  estimate  of  the  relation  of 
flour  to  wheat,  and,  lastly,  adopting  a  weight  of  60  lb.  per 
bushel  for  both  the  home  produce  and  the  imported  wheat. 
For  the  details  the  reader  is  referred  to  the  Table  itself;  but, 
as  in  the  discussion  of  the  various  points  hitherto,  the  bearing 
of  the  various  results  will  be  founded  on  summaries  from  the 
detailed  Table,  which  will  be  embodied  in  the  text. 
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Area  under  Wheat  in  the  United  Kingdom. 

The  following  Table  (VI.)  shows  the  average  area  under  the 
crop  in  the  United  Kingdom  for  each  of  the  five  eight-yearly 
periods,  and  for  the  total  period  of  forty  years. 

Table  VI. 


Averages  for: — 

8  years  1852-3  to  1869-60. 

8      „     J  860-1  ..  1867-8 

8      „     1868-9 

8      „     1876^7 

8      „     1884-6  „  1891-2 


"  1876-6 
„  1883-4 


40 


tt 


•• 


1862-3  ..  1891-2 


Average  area 

TiDder  wheat  in 
the  United 
Kingdom 


Acres 

4,092,160 
3.753,011 
3.788,132 
3,091,310 
2.612.924 


3,447,507 


looreaae  or 

decrease  orer 

each  period 

of  8  yean 


Acres 


-339,149 
+  36,121 
-696,822 
-678,386 


This  summary  Table  is  sufficient  to  bring  clearly  to  view  the 
very  great  decline  that  has  taken  place  in  the  area  under  the 
crop  during  the  forty  years.  But  the  better  to  understand  the 
causes  of  it,  it  is  necessary  not  only  to  study  the  figures  for 
the  individual  years,  but  to  consider  them  in  connection  with 
the  acreage  yield  of  the  crop,  the  imports,  and  the  average  price 
of  wheat.  Speaking  generally,  it  will  be  found  that  a  good 
yield,  or  relatively  high  price,  has  tended  to  check  reduction, 
whilst  contrary  conditions  in  these  respects  have  had  the  effect 
of  accelerating  it.  It  has  been  explained  at  pp.  5>6,  that  over 
the  first  fourteen  years  of  the  forty,  the  area  was  to  a  great  extent 
estimated  only,  but  that  from  1866  up  to  the  present  time 
official  returns  have  annually  been  available.  Gniese  circum- 
stances must,  of  course,  be  borne  in  mind,  and  must  prevent  too 
rigid  an  interpretation  of  the  exact  figures.  Still,  having 
regard  to  the  unusually  high  yields  per  acre  in  1863,  1864,  and 
1865,  and  the  consequent  reduction  in  price,  there  is  no  reason 
to  doubt  that  the  reduction  of  area  over  the  second  eight-yearly 
period,  including  these  years,  which  the  figures  indicate,  sub- 
stantially represented  the  trutJi.  The  recovery  in  the  area  over 
the  third  period  of  eight  years,  especially  in  the  first  and  second 
years,  1868-9  and  1869-70,  is  obviously  a  natural  consequence 
of  the  higher  price  over  the  two  preceding  harvest-years ;  whilst 
the  general,  though  slight,  increase  throughout  the  period  is 
accompanied  with  fair  maintenance  of  price  up  to  nearly  the 
end  of  it. 
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As  the  sammary  shows,  it  is  over  the  fourth  and  fifth  periods 
that  the  very  great  decline  has  taken  place,  and  it  is  over 
these  that  the  very  marked  decline  in  price  prevailed.  Further, 
it  was  within  the  fourth  period  that  the  disastrous  harvest  of 
1879  occurred,  not  only  in  the  United  Kingdom,  but  in  Western 
Europe  generally.  This  led  to  some  increase  in  price,  and  to 
greatly  increased  imports,  which,  with  the  exception  of  one  or 
two  years,  have  steadily  increased  ever  since.  In  fact,  it  was 
the  very  bad  season  of  1879,  succeeded  by  several  of  less  than 
average  yield,  that  led  to  the  great  extension  of  exporting  areas 
in  different  parts  of  the  world,  and  coincidently  to  a  great  re- 
daction in  price ;  and,  with  this,  to  a  great  reduction  of  area 
under  the  crop  in  the  United  Kingdom.  Assuming  the  estimates 
of  area  in  the  earlier  years  to  be  approximately  correct,  it  would 
appear  that  it  has  been  reduced  from  rather  more  than  4,000,000 
acres  over  the  first  eight  years,  to  little  more  than  2,500,000 
over  the  last  eight,  to  1891  inclusive;  whilst,  in  1892,  it  was 
not  quite  2,300,000  acres. 


Average  Yield  of  Wheai  per  Acre  in  the  United  Kingdom. 

Table  VII.  shows  the  average  yield  of  wheat  per  acre  over  each 

eight-yearly  period,  and  over  the  forty  years,  according  to  our 

annually  adopted  estimates  of  the  crop.     The  first  column  shows 

the  results  reckoned  in  bushels   of  61  lb.,  as  we  have  always 

hitherto  given  them,  and  the  second  in  bushels  of  60  lb.,  as 

given  in  Appendix-Table  II.,  and  as  it  is  proposed  in  future  to 

represent  them. 

Table  VII. 


Averages  for : — 

8  years  1862  to  1869 
8  .,  1860  „  1867 
8  „  1868  „  1876 
8  „  1876  „  1883 
8   ..  1884  .,  1891 


40 


» 


9* 


99 


1852  «  1891 


Average  yield  of  wheat  per  man 


Bushels  of 
611b. 


Boahels 

28 

28f 

26j 

24j 

29 


27^ 


Bushels  of 
60  lb. 


Bushels 


27J 


Here,  again,  we  must  refer  to  the  Appendix-Tables  I.  and  II. 
for  the  yield  of  individual  years.  Referring  to  the  summaries  as  in 
Table  Y II.,  it  is  seen  that  the  first  two  eight-yearly  periods  show 
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fairly  uniform  average  amounts ;  the  second,  however,  rather  more 
than  the  first.  The  third  period  gives  considerably  less,  the 
fourth  less  still,  and  the  fifth  period,  1884-91,  inclusive,  con- 
siderably the  highest  of  the  five.  Directing  attention  first  to 
the  estimates  as  formerly  given,  that  is,  at  61  lb.  per  bushel,  it 
is  seen  that  the  average  of  the  first  two  eight-yearly  periods  in- 
dicates somewhat  more  than  28  bushels  per  annum  ;  and  up  to 
comparatively  recent  years  we  reckoned  the  general  average 
yield  of  the  United  Kingdom  at  28^  bushels.  The  third  and 
fourth  periods  taken  together  show,  however,  an  average  of 
scarcely  25 J  bushels.  The  fifth  period,  on  the  other  hand, 
shows  an  average  of  29|  bushels,  or  one  bushel  higher  than  even 
the  highest  of  either  of  the  preceding  eight-yearly  periods. 

The  fact  is,  that  within  the  fifth  eight-yearly  period  there 
was  only  one  year  with  an  estimated  yield  of  less  than  28 
bushels ;  whilst  the  second  eight-yearly  period,  which  gives  the 
next  highest  average,  although  it  included  two  years,  1863  and 
1864,  of  the  highest  yield  of  the  forty,  and  two  others  of  more 
than  average  yield,  at  the  same  time  included  four  years  of  con- 
siderably less  than  average.  There  can,  indeed,  be  no  doubt, 
that  the  eight  years  commencing  with  1884  and  ending  with 
1891  gave  a  higher  average  yield  of  wheat  per  acre  than  any 
equal  period  of  the  forty  years.  Notwithstanding  this,  however, 
with  the  very  low  average  yields  over  the  third  and  fourth 
periods,  the  average  of  the  forty  years  shows  only  27^  bushels 
at  61  lb.  per  bushel,  against  rather  more  than  28  assumed  to 
be  the  general  average  of  the  country  over  the  early  years.  Of 
course,  reckoned  at  60  lb.  per  bushel,  the  figures  are  so  much 
higher ;  but,  even  so  reckoned,  the  average  yield  of  the  forty 
years  is  only  27$  bushels,  that  is,  less  than  28  as  formerly  as- 
sumed, whilst  the  average  yield  of  the  last  eight  years,  1884- 
91  inclusive,  is  29 1  bushels,  or  2  bushels  more  than  the 
average  of  the  forty  years,  and  2^  bushels  more  than  over  the 
preceding  thirty-two  years. 

Hie  Aggi*egate  Home  Crop,  and  the  Amount  of  it  available 

for  Consum/ption. 

The  next  Table  (VIII.)  shows,  for  each  of  the  eight-yearly 
periods,  and  for  the  forty  years,  the  average  annual  total  home 
produce,  calculated  from  t^e  recorded  area  under  the  crop,  and 
the  estimated  average  yield  per  acre;  also  the  amount  of  it 
estimated  to  be  available  for  consumption,  after  deducting  from 
the  total  the  amount  assumed  to  be  required  for  seed.  The 
first  two  columns  show  the  so-reckoned  total  and  available 
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amounts  reckoned  at  61  lb.  per  bushel,  as  formerly,  and  the  last 
two  in  each  case  at  60  lb.  per  bushel.  For  the  first  thirty-five 
of  the  forty  years,  2  J  bushels  per  acre  on  the  acreage  of  the 
year  have  been  deducted  from  the  total  home  crop  for  the 
seed  of  the  next  year,  but  for  the  last  five  years  only  2  bushels 
per  acre.  It  is,  of  course,  not  assumed  that  there  was  a  sudden 
change  at  that  period  ;  but,  believing  that  a  gradual  reduction 
has  taken  place,  it  was  at  that  date,  that  is,  first  for  the  crop  of 
1887,  decided  to  reduce  the  amount  then  and  for  the  future. 

Table  VIIL 


Home  prodaoe  of  wheat 


At  61  lb.  per  bushel 


ATerages  for : — 
8  years  1802  to  1859 
8  „  1860  „  1867 
8  „  1868  „  1876 
8  „  1876  „  1883 
8  „  1884  „  1891 


Available  for 
oonaamptiou 


At  60  lb.  per  bnahel 


Total 


Available  for 
oonsumption 


40 


9$ 


QnarterB 

14,310,779 

13,309,247 

12,684,765 

9,636,682 

9,208,029 


Quarters 

13,159.«59 

12,253,712 

11,619,853 

8,754,761 

8,549,916 


1862  „  1891 


Quarters 

14.554,230 

13,523,034 

12,900,291 

9,793,979 

9,365,087 


11,829,900 ,  10,867,518    12.027,324 


Quarters 

13,403,310 

12,467,4i;9 

11.834,879 

8,922.986 

8,706,974 

11.067,130 


The  figures  show  an  average  annual  reduction  in  the  total 
home-crop  of  about  1,000,000  quarters  over  the  second  period 
compared  with  the  first,  about  two-thirds  of  a  million  over  the 
third  compared  with  the  second,  more  than  3,000,000  quarters 
over  the  fourth  compared  with  the  third,  but  less  than  half  a 
million  over  the  last  compared  with  the  fourth.  Of  course  these 
reductions  in  the  aggregate  produce  of  the  country  are  largely 
due  to  the  reduction  in  area  under  the  crop,  but  they  are  also 
largely  dependent  on  the  difference  in  the  average  yield  per  acre 
over  the  different  periods.  Thus,  with  a  fully  equal — indeed, 
the  figures  show  a  slightly  higher — estimated  area  over  the  third 
period  compared  with  the  second,  there  is  nevertheless  a  con- 
siderable relative  deficiency  in  the  aggregate  produce  of  the 
third  period,  due  to  an  average  reduction  of  If  bushel  in 
the  yield  per  acre.  Then,  comparing  the  fourth  with  the 
third  period,  there  is  a  greater  average  reduction  in  area  than 
in  any  other  case,  but  there  is  at  the  same  time  a  reduced 
yield  per  acre  of  IJ  bushel ;  and  it  is  these  two  conditions 
combined  that  result  in  the  reduction  of  more  than  3,000,000 
quarters  per  annum  in  the  aggregate  produce  over  the  fourth 
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period.  Lastly,  though  over  the  fifkh  eight-yearly  period  there 
is,  compared  with  the  fourth,  a  very  large  average  annnal 
redaction  of  area  under  the  crop,  amounting  to  more  than  half 
a  million  acres,  there  is,  at  the  same  time,  an  increase  of  4^ 
bushels  in  the  average  yield  per  acre  per  annum ;  and,  with  this, 
there  is  a  reduction  of  less  than  half  a  million  quarters  over  the 
fifth  period  compared  with  the  fourth,  instead  of  more  than 
3,000,000  quarters  under  contrary  conditions  as  to  yield  per  acre 
over  the  fourth  compared  with  the  third  period. 

Not  only  is  there  the  great  reduction  in  the  aggregate  yield 
of  the  home-crop  which  the  figures  in  Table  VIII.  show,  but 
examination  of  the  results  for  the  individual  years,  as  given  in 
Appendix-Tables  I.  and  II.,  show  that  sometimes  during  the 
earlier  years  the  home  produce  was  twice  as  much  as  in  some 
of  the  individual  later  years. 

Comparing  column  with  column  in  Table  VIII,  it  is  seen 
that  reckoning  the  produce  at  60  lb.  instead  of  at  61  lb.  per  bushel, 
raises  the  number  of  quarters  by  which  an  equal  weight 
of  grain  is  represented  by  about  200,000  per  annum  on  a 
total  quantity  of  about  12,000,000  quarters,  or  by  about  If 
per  cent.  Next,  comparing  the  amounts  estimated  to  be  avail- 
able for  consumption,  deducting  from  the  total  the  requirement 
for  seed,  it  is  seen  that  over  the  first  three  periods  the  reduction 
represents  an  average  of  more  than  one  million  quarters  per 
annum,  over  the  fourth  period  with  its  much  reduced  area,  yield, 
and  aggregate  produce,  less  than  one  million  quarters,  over  the 
fifth  period  with  the  still  further  reduction  of  area  and  total  pro- 
duce, and  of  course  still  less  deduction  per  acre  for  seed,  only 
about  two-thirds  of  a  million;  but,  over  the  forty  years,  an 
average  of  nearly  one  million  quarters  per  acre  per  annum. 

The  figures  further  show  that  the  average  annual  amounts 
available  for  consumption  from  the  home-crop  were  only  about 
two- thirds  as  much  over  the  last  sixteen  as  over  the  first  six- 
teen of  the  forty  years.  What  this  reduced  actual  supply  of 
wheat  available  for  consumption  from  the  home-crop  represents, 
when  considered  in  connection  with  the  coincident  increase  of 
population,  and  therefore  of  requirement,  will  be  seen  farther  on. 

Tlie  Imports  of  Wheats  and  of  Flour  reckoned  as  Wheat 

In  the  discussion  of  Table  IV.  (p.  30  and  context),  we  have 
shown  the  actual  increase  in  the  amount  of  wheat  available 
from  imported  flour,  due  to  adopting,  as  we  now  do,  the  relation 
of  72  flour  to  100  wheat,  instead  of  8077  to  100  as  formerly; 
and  we  have  pointed  out  to  what  extent  this  change  increases 
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the  estimate  of  the  total  supply  annaally  available  for  consump- 
tion from  all  sources,  home  and  foreign ;  and  we  must  refer  the 
reader  to  that  Table  and  discussion  for  further  particulars  on 
these  points.  Adopting  now  the  new  mode  of  computation, 
Table  IX.,  below,  shows  the  average  annual  net  imports  (im- 
ports less  exports)  of  wheat  and  of  flour  reckoned  as  wheat, 
over  each  of  the  eight-yearly  periods,  and  over  the  forty  years. 
The  quantities  are,  however,  given  both  in  quarters  reckoned  at 
60|  lb.  per  bushel  as  formerly  for  imported  wheat,  and  at  60  lb. 
per  bushel  as  now  adopted. 

Table  IX. 


Net  imports  of  wheat,  and  of  flour  reckoned 

as  wheat  (72  flour  =100 

wheat) 

At  60}  lb. 

At  60  lb. 

Increased 

per 

per 

number 

bushel 

bushel 

at  60  lb. 

Quarters 

Quarters 

Quarters 

Averages  for : — 

8  years  1 852  -3  to  1 869-60 

4.767,276 

4,820,246 

+    62.970 

8      „     1860-1  „  1867-8  . 

8,218,4»i8 

8,309.783 

+    91,315 

8      „     1868-9  „  1875-6  . 

J  0,774.901 

10.894,622 

+  119,721 

8      „     1876-7  „  1883-4  . 

16,127,002 

16,306,191 

+  179,189 

8      „    1884-5  „  1891-2  . 

18,452,256 

18,657,281 

+  205.025 

40      „     1852-3  „  1891-2  . 

11,667,980 

11,797,626 

+ 129,645 

Unlike  the  change  in  the  adopted  relation  of  flour  to  wheat, 
which,  as  has  been  pointed  out,  causes  a  real  and  not  immaterial 
increase  in  the  estimate  of  the  amount  of  wheat  available  for  con- 
Bamption,  the  change  in  the  figures  due  to  reckoning  the  quantities 
at  only  60  lb.,  instead  of  60§  lb.  per  bushel,  does  not  represent  anv 
increase  in  actual  quantity  by  weight ;  but  only  a  larger  numtn^r 
of  quarters  of  less  weight  per  quarter,  as  shown  in  the  last 
column  of  the  Table.  The  actual  increase  in  the  number  of 
quarters  at  the  lower  weight  per  bushel  is  seen  to  be  compara- 
tively small  over  the  earlier  periods,  when  both  the  total  quantify 
of  the  imports,  and  the  proportion  of  them  due  to  flour,  were 
small.  It  may  be  observed  that  the  increase  in  measure,  by 
adopting  the  lower  weight  per  bushel,  represents  about  1^  per 
cent,  on  the  quantities  at  the  higher  weight. 

Let  us  now  turn  to  the  more  important  indications  of  the 
Table.  When  considering  the  home-crop,  it  was  pointed  out 
that  its  aggregate  produce  was  only  about  two*thirds  as  much 
over  the  later  as  over  the  earlier  periods.  The  Table  now  under 
consideration  shows  that  the  imports  were,  on  the  other  hand, 
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not  far  short  of  foar  times  as  great  over  the  last  as  over  the 
first  of  the  five  eight-yearly  periods.  It  is  seen  that  the  annual 
imports  averaged  about  4|  million  quarters  over  the  first  eight 
years ;  that  they  increased  by  nearly  3^  million  quarters  over 
the  second  eight,  by  more  than  2^  million  over  the  third  eight, 
by  about  5^  million  over  the  fourth  eight,  and  by  nearly 
2^  million  quarters  over  the  last  eight  years.  It  will  be  thus 
seen  that  by  far  the  greatest  rate  of  increase  in  the  imports  was 
over  the  fourth  period  bom  1876-7  to  1883-4  inclusive.  The 
fact  is,  that  in  four  out  of  the  last  five  years  of  the  third  period, 
the  yield  per  acre  of  the  home  crop  was  very  low ;  and  that  in 
BIX  out  of  the  eight  years  of  the  fourth  period  the  yield  was 
below  the  average,  and  in  1879  it  was  extremely  low ;  the  result 
being  a  lower  average  yield  per  acre  over  this  than  over  either 
of  the  other  eight-yearly  periods  ;  and,  as  we  pointed  out  in  our 
paper  on  Allotments  and  Small  Holdings^  in  a  recent  number 
of  this  Journal  (Vol.  III.,  3rd  Series,  Part  III.,  1892),  the  series 
of  unproductive  seasons,  not  only  in  our  own  country  but  in 
Western  Europe  generally,  led  concurrently  to  the  opening  up  of 
large  wheat-growing  areas  in  various  parts  of  the  world,  to  greatly 
increased  imports,  and  at  the  same  time  to  much  lower  prices. 

The  siguificance  of  the  very  great  and  rapid  increase  in  the 
imports  of  this  staple  article  of  the  food  of  the  population  of  the 
United  Kingdom,  which  the  figures  in  the  Table  (IX.)  bring  to 
light,  will  be  better  appreciated  when  we  come  to  consider,  in 
the  next  section,  the  proportion  which  the  imported  wheat  bears 
to  the  total  amount  available  for  consumption  ;  and  farther  on, 
the  proportion  which  the  value  of  the  imports  bears  to  the  total 
value  of  the  wheat  consumed. 

Total  Wheat  (Home  and  Imported)  available  for  Consumption. 

The  following  Table  (X.)  shows,  for  each  of  the  five  eight- 
yearly  periods,  and  for  the  forty  years,  the  average  annual  amount 
of  wheat  available  for  consumption  from  home  and  foreign  sources 
taken  together,  reckoning  72  of  imported  flour  to  represent  100 
of  wheat,  and  the  whole  taken  at  the  newly  adopted  weight  of 
60  lb.  per  bushel.  The  first  column  shows  the  average  annual 
amounts  in  quarters  so  reckoned,  and  the  second  and  third 
columns  show  the  percentage  of  the  total  derived  from  home 
and  from  foreign  sources  respectively. 

The  figures  in  the  first  column  show  that  the  average  annual 
aggregate  amount  of  wheat  available  for  consumption  in  the 
United  Kingdom  was  almost  exactly  one-and-^a-half  time  as 
much  over  the  last  eight  as  over  the  first  eight  of  the  forty  years. 
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It  will  be  seen  further  on,  that  the  amount  available  per  head 
of  the  population  has  somewhat  increased  over  the  later  as 
compared  with  the  earlier  periods,  but  in  only  a  smaU  degree 
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Average  annual  total  wheat  available  for 
cousomption,  home  and  imported 

72  floors  100 

wheat,  60  lb. 

per  bushel 

Per  cent,  of  total 

From  home 
produce 

From 
imports 

Averages  for : — 
8  jears  1852-3  to  1859-60 
8      „     1860-1  „  1867-8  . 
8      „     1868-9  „  1875-6  . 
8      „     1876-7  „  1883-4  . 
8      „     1884-6  „  1891-2  . 

Quarters 

18,223,556 
20.777,282 
22,729,601 
25,229,177 
27,364,265 

Percent. 

731 
59-5 
520 
35-3 
31*9 

Percent. 

2B-9 
40-6 
48-0 
64-7 
681 

40      „     1862-3  „  1891-2  . 

22,864,754 

60-4 

49-6 

compared  with  the  great  increase  in  the  aggregate  consump- 
tion ;  which,  as  will  be  seen  presently,  is  mainly  due  to  the 
rapid  increase  in  the  population. 

The  last  two  columns  of  the  Table  show  in  what  proportion 
the  increased  demand  has  been  met  from  home  and  from  foreign 
sources  respectively.  Thus,  whilst  over  the  first  eight-yearly 
period  the  home  producer  provided  about  73  per  cent,  of  the 
total  requirement,  over  the  last  eight  years  he  provided  only 
about  32  per  cent.  In  other  words,  over  the  earlier  period  he 
provided  nearly  three- fourths,  but  over  the  later  less  than  one- 
third  of  the  total  requirement.  On  the  other  hand,  whilst  over 
the  first  eight  years  imports  supplied  only  about  27  per  cent., 
over  the  last  eight  they  supplied  about  68  per  cent,  of  the  re- 
quirement, or  more  than  two-and-a-half  times  the  proportion 
6f  the  total  over  the  last  than  over  the  first  eight  years ;  in  fact, 
little  more  than  one-quarter  of  the  total  over  the  first  period, 
but  more  than  two-thirds  of  the  total  over  the  last  period.  This 
was  the  case,  notwithstanding  that  the  last  eight-yearly  period 
gave  a  higher  average  yield  per  acre  of  the  home-crop  than 
either  of  the  four  preceding  periods.  The  truth  is,  that  the  less 
dependence  on  home,  and  the  greater  on  foreign  supplies,  has 
been  largely  due  to  the  increase  of  the  population  overcoming 
our  capability  of  production ;  but,  of  course,  largely  also  to  the 
reduction  of  area  under  the  crop  at  home  as  a  consequence  of 
greatly  increased  production  for  export  in  other  countries,  and 
coincidently  great  increase  in  our  imports,  and  great  reduction 
in  price. 
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Tlie  Popvlationy  and  the  Requirement  of  Wheat  per  Head 

per  Annum,, 

Table  XI.  shows  the  average  population  for  each  of  the 
eight-yearly  periods,  and  for  the  total  period  of  forty  years, 
according  to  the  corrected  returns.  The  next  three  columns 
show,  for  comparison  with  the  newly  adopted  results  given  in 
the  last  column — in  the  first  the  previously  adopted  estimates 
of  annual  requirement  per  head,  assuming  80*77  imported  flour 
to  100  wheat,  and  wheat  at  61  lb.  per  bushel ;  and  in  the  second 
and  third  columns  the  amounts  available  per  head  on  the  as- 
sumption of  the  same  relation  of  flour  to  wheat,  but  in  the 
second  reckoning  home  wheat  at  61  lb.  and  foreign  at  60§  lb. 
per  bushel  as  hitherto,  and  in  the  third,  for  better  comparison 
with  the  new  results,  taking  both  home  and  foreign  at  60  lb. 
per  bushel.  The  last  column  shows  the  total  amounts  available 
per  head  per  annum  from  home  and  foreign  sources  together,  on 
the  assumption  of  72  flour  =  100  wheat,  and  taking  wheat  at 
60  lb.  per  bushel. 

Tablb    XI. 


Population 

Previously 
estimated 
require- 
ment per 

head, 
8077  flour 

=100 

wheat; 

wheat 

61  lb. 
per  bubhel 

1      Total  available  per  head 

1      80-77  flour =100 
wheat 

79  floor 
=  100 

/ 

Home 

611b. 

imported 

60§  lb. 

per 

bushel 

Home 

and 

imported 

601b. 

per 

bushel 

wheat: 

wheat 

60  lb. 

per 

bushel 

Averages  for : — 

8  years  1852-3  to  1869-60 
8       „     1860-1  „  1867-8 
8       „     1868-9  „  1875-6 
8      „     1876-7  „  1883-4 
8      „     1884-5  „  1891-2 

28,067.170 
29,738,376 
31.943,230 
34,616,019 
36,950,178 

Bushels 

510 
560 
6*60 
6-65 
6-66 

Bushels 

607 
6-47 
6-66 
5-66 
6-72 

Bushels 

5-16 
6-65 
5-66 
5-74 
6-83 

Bnsbelf 

6-19 
5-60 
6-69 
6-83 
6-92 

40      „    1862-3  „  1891-2 

32,262,794 

6-50 

6-50 

6-69 

6-66 

The  first  column  of  the  Table  (XI.)  brings  strikingly  to  view 
the  rapid  increase  of  the  population  in  the  United  Kingdom 
during  the  last  forty  years.  Comparing  each  eight-yearly 
period  with  the  one  preceding  it,  there  was  an  increase  over  the 
second  eight  years  of  about  1  §  million ;  over  the  third  period  of 
nearly  2^  millions ;  over  the  fourth  of  2f  millions ;  and  over  the 
fifth  of  2^  millions ;  that  is  to  say,  the  progression  was  the  most 
rapid  during  the  fourth  period,  and  somewhat  less  over  the 
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fifth.  Comparing  the  first  eight  years  with  the  fifth  eight,  the 
latter  shows  an  increase  from  28  to  nearly  37  millions,  or  by 
nearly  9  millions,  corresponding  to  nearly  one-third  more  over  the 
last  period  compared  with  the  first.  No  wonder,  then,  at  the 
great  increase  in  the  aggregate  supplies  of  wheat  over  the  later 
as  compared  with  the  earlier  periods,  as  shown  in  the  last  section. 
The  increase  in  the  supply  from  period  to  period  as  there  shown 
has,  however,  to  meet  the  demand,  not  only  of  an  increased  num- 
ber of  consumers,  but  also  a  slightly  larger  requirement  per 
head  over  the  later  periods. 

Comparing  the  last  column  with  the  one  before  it,  both 
being  reckoned  at  60  lb.  per  bushel,  it  will  be  seen  to  what 
extent  the  actual  available  supply  per  head  per  annum  is 
increased  over  the  respective  periods,  by  raising  the  estimate 
of  the  amount  of  wheat  corresponding  to  a  given  amount  of 
flour.  It  has  already  been  shown  that  the  previously  annually 
adopted  estimate  of  the  requirement  per  head,  which  was 
modified  from  time  to  time  according  to  the  subsequently 
ascertained  available  supplies,  agreed  extremely  closely  with 
the  amounts  of  those  supplies  when  averaged  over  a  series  of 
years  so  as  to  eliminate  the  disturbing  induence  of  stocks  on 
hand ;  and  it  is  obvious  that  it  could  not  be  otherwise,  if  the 
annaal  estimates  were  judiciously  modified  •  according  to  the 
previously  actually  ascertained  supplies.  But  now  that  the 
past  supplies  are  assumed  to  have  been  in  reality  greater  than 
the  previously  adopted  figures  represented,  it  is  obvious  that  the 
estimate  of  the  available  supply  per  head  must  also  be  corre- 
spondingly increased.  To  add  to  this,  the  quantities  are  now 
represented  in  bushels  of  only  60  lb.,  so  further  raising  the 
figure,  but  not  the  amount  represented  by  it. 

A  comparison  of  the  first  and  second  columns,  relating  to 
the  quantities  per  head,  will  show  how  very  closely  the  annual 
estimates  of  requirement  and  the  amounts  afterwards  proved  to 
be  available  agreed,  the  two  being  taken  at  approximately  the 
same  weight  per  bushel.  The  third  column  gives  the  same 
results  as  the  second,  but  reckoned  at  only  60  lb.  per  bushel, 
and  shows,  therefore,  higher  quantities  by  measure  available ; 
and,  compared  with  these,  the  higher  amounts  in  the  last  column 
show  the  increase  in  the  amount  available  per  head,  due  to 
assuming  a  given  amount  of  imported  flour  to  represent  a 
greater  quantity  of  wheat.  It  is  these  last  quantities  that  we 
now  adopt,  as  representing  the  annual  requirement  per  head,  in 
accordance  with  the  actual  amounts  annually  available  from  all 
bources— home  and  foreign. 

It  will  be  seen  that  the  previously  adopted  estimate  of  require- 
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ment  per  head  for  the  last  two  eight-yearly  periods  was  5"65 
bushels  at  61  lb.  per  bushel ;  that  the  amount  actually  available 
over  the  first  of  these  two  periods  was  5*66,  and  over  the  second 
5*72  bushels  at  approximately  the  same  weight,  and  5*74  and 
5*83  bushels  at  60  lb.  per  bushel.  But  the  new  reckoning  shows 
an  available  supply  of  5'83  bushels  over  the  fourth,  and  592 
bushels  over  the  fifth  period,  at  60  lb.  per  bushel.  The 
question  arises,  therefore,  whether  the  actual  figure  indicated 
for  the  last  period,  namely  5*92  bushels,  at  60  lb.  per  bushel, 
should  be  adopted  in  annually  estimating  the  requirement  in 
the  near  future,  or  whether,  provisionally,  the  round  number  of 
6  bushels  per  head  at  60  lb.  per  bushel  should  be  taken  for  some 
years,  until  experience  shows  how  far  that  estimate  is  borne  out 
by  the  subsequent  records  of  the  total  amounts  available  and  used. 

It  is  in  favour  of  adopting  the  higher  figure'  that,  after  very 
full  consideration  of  the  great  difficulty  of  forming  anything 
like  a  trustworthy  estimate  of  the  amount  consumed  other  than 
as  human  food,  and  also  the  fact  that  it  bears,  at  any  rate 
ordinarily,  a  very  small  proportion  to  that  so  consumed,  we 
decided  that  there  would  be  less  error  in  fixing  the  estimate  of 
requirement  per  head,  so  as  to  include  the  very  small  average 
consamption  in  other  ways,  than  in  attempting  to  estimate  the 
consumption  by  stock,  &c.,  separately.  On  this  point  it  may 
be  observed  that  the  consumption  in  manufactures  of  any  kind 
is  very  small :  and  that,  generally,  it  is  only  the  offal  wheat 
that  is  given  to  stock,  and  this  is  excluded  in  our  estimate  of 
yield  per  acre,  and  therefore  in  the  reckoning  of  the  total  wheat 
available.  It  is  true  that  when  the  price  is  very  low,  not  only 
will  more  offal  be  dressed  out,  and  the  sample  so  improved  for 
sale,  but  more  or  less  saleable  wheat  will  also  be  consumed  by 
stock ;  but  there  is  no  reason  to  suppose  that  this  has  taken 
place  to  such  an  extent  as  to  materially  affect  our  estimates. 
Thus,  if  for  the  sake  of  illustration  we  were  to  assume  that, 
with  the  present  very  low  prices,  one  million  quarters  of  saleable 
home  or  imported  wheat  were  consumed  by  stock,  this  would 
represent,  on  our  average  area  under  the  crop  over  the  last 
eight  years,  more  than  3  bushels  per  acre,  and  on  our  average 
population  over  the  same  period  0*21,  or  about  one-fifth  of  a 
bushel  per  head.  It  will  be  admitted  that  in  the  past,  at  any 
rate,  the  quantity  of  saleable  wheat  so  appropriated  has  been 
much  less  than  this ;  but  what  it  may  be  under  conditions  of 
excessive  supply  and  very  low  price,  such  as  prevail  at  the  pre- 
sent time,  it  is  difficult  to  predict. 

Upon  the  whole  it  is  concluded  that  it  is  safer  to  form  an 
estimate  of  requirement  per  head  in  the  near  future,  including 
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consntxiption  or  use  in  other  ways,  rather  higher  than  the  amoant 
indicated  to  have  been  actually  available  and  nsed  in  recent  years, 
and  we  adopt,  therefore,  provisionally,  an  estimated  requirement 
per  head  per  annum  of  6  bushels  at  60  lb.  per  bushel. 

Pric^  per  Quarter^  and  Aggregate  ValuBj  of  the  Total  Wheat 
annually  available ;  also  the  Aggregate  Cost,  and  the  Cost  per 
Heady  of  the  Annual  Requirement, 

Beferring  as  usual  to  Appendix-Table  II.  (facing  p.  58),  for 
the  details,  the  summary  Table  (XII,)  on  p.  46  shows  the  aver- 
ages for  each  of  the  eight-yearly  periods,  and  for  the  forty  years. 
The  results  are,  in  all  cases,  calculated  for  harvest  not  civil  years. 

As  to  the  average  Gazette  price  of  the  home  wheat  per  quar- 
ter, as  given  in  the  first  column,  we  understand  that  it  frequently 
refers  to  quarters  by  measure  irrespectively  of  weight ;  but  that 
when  weight  is  known  to  enter  into  the  transaction,  it  is  calcu- 
lated to  apply  to  quarters  of  480  lb. =60  lb.  per  bushel.  The 
values  for  the  home-crop,  given  in  the  second  column  of  the 
Table,  are  reckoned  at  the  Gazette  price,  on  quarters  of  480  lb. 
throughout.  It  is  probable  that,  taking  the  average  of  seasons, 
the  weight  of  the  portion  returned  in  measure  only,  would 
average  more  than  60  lb.  per  bushel ;  and,  so  far  as  it  is  so,  the 
aggregate  values  given  will  be  somewhat  too  high.  It  must  be 
admitted,  however,  that  there  is  by  no  means  the  certainty  that 
would  be  desirable  as  to  the  weight  represented  by  the  quarters 
to  which  the  Gazette  price  applies. 

As  the  imports  include  both  wheat  imported  as  wheat,  and 
flour  as  such,  the  Trade  and  Navigation  Returns  give  the  declared 
value  of  the  imported  wheat,  and  of  the  imported  flour,  separately. 
It  seems  inappropriate,  however,  for  our  present  purpose — that  of 
comparing  the  aggregate  value  of  the  home  and  the  imported 
wheat — ^to  include  the  value  of  the  manufactured  article — flour, 
as  such.  For  the  purposes  of  the  Table,  therefore,  we  have  first 
converted  the  flour  into  its  equivalent  of  wheat,  and  then  reck- 
oned the  value  as  such,  at  the  same  rate  as  given  for  the 
wheat  imported  as  wheat.  On  former  occasions,  we  have  calcu- 
lated the  value  of  imported  wheat  at  the  Gazette  price  per  quar- 
ter of  the  home  wheat ;  but  it  is  pretty  certain  that  this  gives  the 
value  of  the  imported  sometimes  too  high  and  sometimes  too  low. 
Thus,  Mr.  Rew,  in  this  Journal  (Vol.  I.,  3rd  Series,  Part  III.,  1890) 
showed  that,  according  to  the  Official  Returns,  in  1889  imported 
wheat  averaged  2«.  lOd,  per  quarter  more  than  the  Gazette  price 
of  home  wheat ;  and  in  the  calculations  for  the  present  paper  we 
have  found  that,  although  the  difference  varies  greatly  from  year 
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to  year,  the  declared  values  of  imported  wheat  in  some,  years 
show  a  rate  per  quarter  of  several  shillings  more,  and  in  others 
of  several  shillings  less,  than  the  Oazette  price.  Accordingly,  we 
now  adopt  the  rate  per  quarter  of  the  declared  value  insteiad  of 
the  Gazette  price  as  formerly,  for  imported  wheat — excepting 
for  the  first  four  years,  for  which  the  data  are  not  available,  and 
hence  for  them  the  Oazette  price  is  still  taken.  There  can  bo 
little  doubt  that  the  figures  now  given  are  nearer  the  truth 
than  if  the  Oazette  price  were  adopted  throughout.  At  the  same 
time,  it  is  not  clear  how  far  the  values  given  for  the  imported 
wheat,  either  accord  with  the  values  as  sold  in  our  markets,  or 
compare  strictly  with  the  local  market  values  of  the  home-crop. 
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Referring  first  to  the  particulars  relating  to  the  home-crop, 
it  is  seen  that  the  Oazette  price  of  wheat  per  quarter  averaged 
57s.  9>d.  over  the  first  eight  years,  declined  5s.  &d,  per  quarter 
over  the  second  period,  and  only  2cJ.  more  over  the  third,  by 
6s.  5d.  over  the  fourth,  and  by  13s.  2d.  over  the  fifth;  the 
average  price  for  those  last  eight  years  being  only  32s.  bd.  per 
quarter,  or  25s.  3d.  less  than  over  the  first  eight  years,  and  less 
than  three-fifths,  indeed  not  much  more  than  half  as  much  as 
over  those  first  eight  years.  In  reference  to  the  higher  range 
of  prices  during  the  first  three  periods,  it  is  to  be  borne  in  mind 
that,  during  the  first  period  there  was  the  Crimean  war,  during 
the  second  the  American  Civil  War,  and  during  the  third  the 
Franco-German  war. 

The  most  marked  decline  in  price  was  daring  the   last 
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eigbt  years,  but  the  fourth  period  of  eight,  1876-7  to  1883-4, 
shows  the  commencement  of  the  rapid  fall ;  and  it  was  daring 
that  period,  including  the  disastrous  harvest  of  1879,  and,  in  all, 
six  years  of  less,  and  sometimes  much  less,  than  average  yield, 
that  the  aggregate  home-crop  declined  so  rapidly  ;  whilst  it  was 
coincidently  with  this  that  the  imports  began  so  enormously  to 
increase,  and  prices  so  seriously  to  go  down.  Then  as  to  the 
last  eight  years,  1884-5  to  1891-2,  notwithstanding  a  higher 
average  yield  per  acre  than  over  either  of  the  other  eight-yearly 
periods,  the  aggregate  home-crop  came  down  to  even  less  than 
over  the  previous  eight  years ;  the  imports  were  larger  than  ever, 
and  the  price,  accordingly,  was  much  lower  than  ever.  In  neither 
of  those  last  eight  years,  however,  was  the  average  Gazette  price 
for  the  year  so  low  as  30s.  per  quarter ;  but  it  was  frequently 
below  it  in  individual  months  of  the  period.  Thus,  in  the  first 
of  the  eight  years,  1884-5,  it  ranged  from  3l8.  2d.  in  December 
to  36«.  8d.  in  May ;  in  the  second  year  from  29s.  6d,  in  February 
to  32s.  6d,  in  August ;  in  the  third,  from  30s.  in  October  to 
35s.  8d.  in  January ;  in  the  fourth,  from  29s.  Id.  in  September 
to  35s.  in  August ;  in  the  fifth,  from  35s.  lOd.  in  September 
to  28s.  6d.  in  June ;  in  the  sixth,  from  29s.  8d.  in  October  to 
36s.  2d.  in  August;  in  the  seventh,  from  31s.  in  October  to 
40s.  4^d.  in  May ;  and  in  the  last  year,  189  L-2,  from  38s.  5d. 
in  September  to  29s.  3d.  in  July  ;  whilst  in  no  week  since  the 
end  of  the  last  harvest-year — August  31,  1892 — has  the  price 
been  so  high  as  30s.,  and  in  the  week  ending  March  18, 
1893,  it  reached  its  lowest  point,  namely — 24s.  9d. ! 

The  third  column  shows  the  average  aggregate  value  per 
annum,  at  the  Qazette  price  per  quarter,  of  the  saleable  wheat 
crop  of  the  United  Kingdom,  over  each  eight-yearly  period,  and 
over  the  forty  years ;  and  it  is  this  that  illustrates  the  most 
strikingly  the  reduction  in  value  to  the  farmer  of  the  crop  which 
formerly  constituted  a  very  impoi*tant,  if  not  the  most  important, 
item  of  his  marketable  produce.  The  average  annual  value  of 
the  crop  was  nearly  38,500,000Z.  over  the  first  eight  years,  more 
than  31,000,000Z.  over  the  second,  and  more  than  30,500,000/. 
over  the  third  eight  years ;  it  then  comes  down  to  little  more 
than  20,000,000t.  over  the  fourth  eight,  and  to  little  more 
than  14,000,0002.  over  the  last  eight  years;  whilst  in  1887-8 
it  was  less  than  12,500,0002.  In  other  words,  the  aggregate 
value  of  the  saleable  wheat  crop  of  the  country  came  down 
from  about  38.500,0002.,  over  the  first  eight  years,  to  little  more 
than  14,000,0002.  over  the  last  eight,  or  to  not  much  more  than 
one-third.  In  fact,  the  value  of  the  home  wheat  crop  averaged 
more  than  24,000,0002.  less  per  annum   over  the  last  eight 
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than  over  the  first  eight  of  the  forty  years !  The  result  was  to 
a  great  extent  due  to  reduction  in  area,  itself  the  result  of  re- 
duction in  price,  which  also  greatly  reduced  the  value  of  the 
much  smaller  crops  grown.  It  has,  indeed,  been  reduction  in 
price,  to  which  both  reduction  in  area,  and  reduction  in  aggre- 
gate value,  are  to  be  attributed. 

The  causes  of  the  disastrous  results  to  our  own  wheat 
growers  are  plainly  seen  in  the  records  given  in  the  fourth  column 
of  Table  XII.,  which  shows  the  value  of  the  imports,  calculated 
according  to  the  declared  values  given  in  the  Trade  and  Naviga- 
tion Returns,  as  above  referred  to. 

But,  before  comparing  the  aggregate  values  of  the  home- 
crops  and  the  imports,  it  will  be  well  to  direct  attention  to  the 
difference  between  the  Oazette  price  per  quarter  of  the  home, 
and  the  price  of  the  imported  wheat  obtained  as  above  explained. 
Reference  to  the  details  given  in  Appendix-Table  II.  (facing 
p.  58),  will  show  that  the  so  reckoned  prices  of  the  home  and 
the  imported  wheat  varied  considerably  in  the  individual  years  ; 
that  during  the  earlier  half  of  the  period  the  price  of  the  im- 
ported was  generally  lower,  but  duriug  the  later  years  higher 
than  that  of  the  home  wheat.  In  some  cases  the  difference 
amounts  to  as  much  as  4s.,  5s.,  and  in  one  to  6s.  9d.  per  quarter ; 
but  it  is  less  in  the  later  than  in  the  earlier  years.  Much  will 
probably  depend  on  the  comparative  condition  of  the  home  and 
ibreign  wheats  in  the  individual  years ;  and  it  is  also  probable 
that  the  condition  of  the  imported  wheat  has  been  relatively 
better  in  the  later  years.  But  it  is  remarkable,  as  will  be 
seen  by  reference  to  the  figures  in  the  bottom  line  of  Table  XII., 
that  over  the  thirty-six  years  for  which  the  comparison  can  be 
made,  there  is  an  average  difference  of  only  8d.  per  quarter ; 
and  that  is  in  favour  of  the  home  wheat.  Lastly,  in  reference 
to  these  records  of  price  per  quarter,  as  already  stated,  there  is 
uncertainty  as  to  the  weight  per  quarter  to  which  the  Gazetis 
price  of  the  home  wheat  applies.  In  the  case  of  the  imported 
wheat,  however,  the  declared  values  are  given  for  quantities 
stated  in  cwt.,  and  we  have  calculated  them  for  quarters,  of  480  lb. 
=60  lb.  per  bushel,  as  adopted  throughout  in  Appendix-Table 
II.,  and  in  the  summary  Tables  founded  upon  it.  The  two  sets 
of  prices  are,  therefore,  so  far,  not  strictly  comparable ;  nor,  as 
already  said,  is  it  clear  that  the  declared  values  of  the  imported 
wheat  accord  with  the  prices  as  sold  in  our  markets. 

Referring  to  the  results  given  in  the  fourth  column  of  Table 
XII.,  it  is  seen  that  the  average  annual  value  of  imported  wheat, 
and  flour  reckoned  as  wheat,  was,  over  the  first  eight  years, 
little  over  13,500,000^.,  over  the  second  eight  abont  21,000,000/,, 
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or  more  than  one-and-a-half  time  as  much,  over  the  third  eight 
years  nearly  26,750,000/.,  over  the  fourth  about  37,400,000/., 
and  over  the  fifth,  with  larger  quantities  than  ever,  but  with 
very  low  price,  81,600,000/.  To  put  it  in  'another  Way,  the 
value  of  the  imports  was  not  much  more  than  one>third  that 
of  the  home-crop  over  the  first  eight  years,  about  two-thirds  as 
much  over  the  second  eight,  about  nine-tenths  as  much  over 
the  third  eight,  nearly  twice  as  much  over  the  fourth  eight,  and 
considerably  more  than  twice  as  much  over  the  last  eight  years. 

Turning  now  to  the  fifth  or  '*  total "  column,  it  is  seen  that, 
notwithstanding  the  great  decline  in  the  aggregate  value  of  the 
home-crop  from  period  to  period,  there  is,  with  a  greater  pro- 
portional increase  in  that  of  the  imports,  a  notable  increase  in 
the  annual  aggregate  value  of  the  total  wheat  available  over 
the  third  and  fourth  compared  with  the  first  and  second  periods ; 
bat,  over  the  last  eight  years,  in  spite  of  the  increased  quantities, 
the  annual  aggregate  value  was,  with  the  extremely  low  price 
per  quarter,  scarcely  four- fifths  as  much  as  over  the  two  pre- 
ceding periods.  It  may  here  be  obser^^d  that,  whilst  over  the 
last  eight  years  the  home-crop  has,  both  in  quantity  and  in 
value,  supplied  less  than  one-third  the  requirement  of  the 
country,  it  is  to  be  feared  that  the  crop  of  the  last  harvest', 
1892,  will  yield  less  than  one-fourth  of  the  total  requirement. 
Such  are  the  facts  and  their  bearing  from  the  point  of  view  of 
their  influence  on  our  home  agriculture.  No  wonder  that  under 
such  conditions  a  conference  to  consider  the  depression  in  agri- 
culture should  have  been  convened. 

The  concluding  columns  of  the  Table  show  the  estimated 
average  annual  value  of  the  wheat  required  for  consumption, 
both  aggregate  and  reckoned  per  head  of  the  population,  over 
each  of  the  five  periods  and  over  the  forty  years.  Of  course, 
with  an  equal  value  per  quarter,  the  aggregate  value  must 
increase  from  year  to  year  with  the  increase  of  the  population. 
But  it  is  seen  that  there  is  considerable  increase  from  the  first 
to  the  fourth  period,  notwithstanding  the  reduction  in  price  per 
quarter.  Over  the  fifth  period,  however,  with  a  still  greater  re- 
duction in  price  per  quarter,  the  aggregate  value  of  the  wheat 
required  is  only  about  four-fifths  as  much  as  over  the  third  and 
fourth  periods ;  and,  notwithstanding  a  larger  population  by  about 
one-third,  nearly  7,000,000/.  less  than  over  the  first  eight  years. 
In  other  words,  the  aggregate  cost  of  the  wheat  required  by  an 
average  population  of  about  87,000,000  over  the  last  eight 
years  was  about  7,000,000/.  less  than  that  of  the  amount 
required  at  even  a  slightly  lower  rate  per  head,  by  an  average 
population  of  about  28,000,000  over  the  first  eight  years. 


50  Home  Produce,  Imports,  Consmmptiony  and 

It  will  be  seen  that  the  aggregate  value  of  the  wheat 
annually  required  does  not  quite  agree  with  that  of  the  wheat 
annually  available,  and  it  is  generally  somewhat  higher.  The 
two  values  are,  however,  reckoned  at  the  same  rates  per  quarter 
each  year ;  but  as  the  quantity  "  available  "  within  the  harvest- 
year  sometimes  includes  a  considerable  excess  over  the  amount 
required  for  consumption  within  the  year,  there  being  frequently 
a  quantity  brought  forward,  or  carried  over  to  the  next  or  even 
subsequent  years,  it  may  be  with  a  price  differing  from  that  of 
the  year  in  which  it  comes  in  under  the  head  of  *'  available  ;  " 
and  hence  the  discrepancy  between  the  two  reckonings.  The 
results  are,  however,  as  nearly  true  as  the  facts  admit  of;  and 
they  are  sufficiently  correct  for  the  purposes  of  our  illustration. 

Referring  now  to  the  last  column  in  the  Table  (XII.),  it  is 
seen  that  the  cost  of  wheat  per  head  to  the  consumer  aver- 
aged, with  considei*able  variation  between  individual  years,  the 
highest  over  the  first  eight  years,  and  was  not  much  lower  over  the 
next  two  eight-yearly  periods ;  there  being  at  the  same  time  a 
less  reduction  in  price  per  quarter  than  afterwards.     Thus,  the 
average  cost  per  head  was  375.  6cJ.  over  the  first  eight  years, 
35«.  8d,  over  the  second  eight,  and  865.  Id,  over  the  third  eight. 
But,  with  the  greater  reduction  in  price  per  quarter  over  the 
fourth  eight  years,  the  cost  per  head  was  reduced  to  83s.  6d. ; 
and  with  the  still  greater  reduction  over  the  last  eight  years,  to 
24«.  8^2.  per  head.     That  is  to  say,  with  enormous  imports,  and 
extremely  low  price  per  quarter,  the  cost  of  wheat  per  head  of 
the  population  over  the  last  eight  years  was  less  than  two-thirds 
as  much  as  over  the  first  eight,  and  little  more  than  two-thirds 
as  much  as  over  the  first  twenty-four  years  of  the  forty.    Lastly, 
it  may  be  stated  that,  of  the  total  cost  per   head,  imported 
wheat  supplied  about  26  per  cent,  over  the  first  eight  years, 
about  40  per  cent,  over  the  second  eight,  nearly  47  per  cent, 
over  the  third  eight,  about  65  per  cent,  over  the  fourth  eight, 
and  nearly  70  per  cent,  over  the  last  eight  years.     However 
disastrous,  therefore,  the  large  imports  of  wheat,  and  the  greatly 
reduced  price  per  quarter,  may  have  been  to  the  home  producer, 
the  consumer  has,  so  far  as  the  cost  of  this  staple  article  of  his 
food  is  concerned,  reaped  immense  advantages. 

• 

General  Considerations  and  Conclusions. 

Among  our  arable  land  crops,  it  is  not  only  the  production 
of  wheat  that  has  declined.  The  decline  in  the  home  crop  of 
wheat  may  be  said  to  have  commenced  about  twenty  years  ago,  but 
to  have  been  the  most  marked  daring  the  last  thirteen  or  foarteen 


Price  of  Wheat,  over  40  HarvesUYea/rs,  1852-3  to  1891-2.     51 

years.  The  area  under  barley  has  declined  very  considerably  since 
the  repeal  of  the  malt-tax  in  1880,  and  the  imports  have  increased 
in  a  greater  proportion.  Our  area  under  oats  has  fluctuated,  but 
not  materially  diminished,  during  the  last  twenty  years,  though 
it  has  shown  a  tendency  to  do  so  during  the  last  four  or  five 
years.  The  imports  have,  however,  very  considerably  increased. 
The  agricultural  area  under  potatoes  in  the  United  Kingdom 
has  not  varied  very  much  during  the  last  twenty  years.  It  was, 
however,  higher  over  the  first  five  years  than  it  has  been  during 
any  equal  period  since  ;  and  there  has  been  a  decided  tendency 
to  reduction  during  the  last  few  years.  Notwithstanding  this, 
the  imports  have  averaged  considerably  less  than  half  as  much 
over  the  last  ten  as  over  the  first  ten  of  the  last  twenty  years.  It 
is  probable  that  the  reduction  of  the  available  supply  of  potatoes 
per  head  of  the  population  which  these  facts  taken  alone  would 
indicate  has  been  to  some  extent  compensated  by  an  increased 
^owth  of  the  crop  in  market  gardens,  the  area  of  which  has, 
it  is  satisfactory  to  note,  increased  considerably  in  recent  years. 
It  is  also  probable,  however,  that  there  has  in  reality  been 
some  reduction  in  the  actual  consumption  per  head  under  the 
influence  of  the  cheapening  of  bread-stuffs  Of  other  crops, 
chiefly  used  as  stock  foods,  and  which  are  also  products  of  home 
growth,  our  own  area  under  beans  and  peas  has  in  recent  years 
declined,  but  the  imports  have  been  about  one-eighth  more  over 
the  last  ten  than  over  the  preceding  ten  years.  Then,  of  stock 
foods  (of  course  also  yielding  manure)  not  grown  at  home,  the 
annual  imports  of  Indian  com  have  been  about  one-third  more 
over  the  last  fifteen  than  over  the  preceding  five  years ;  those  of 
oil-cakes  have  increased  by  considerably  more  than  one-half; 
those  of  cotton-seed  by  nearly  one-third ;  and  those  of  linseed 
by  one-fourth  more,  over  the  last  ten  than  over  the  preceding 
ten  years. 

The  general  result  is,  that  our  own  arable  area  has  gone 
down  from  an  average  of  23,808,294  acres  over  the  first  five  of 
the  last  twenty-five  years  to  1892  inclusive,  to  20,856,075 
over  the  last  five;  in  other  words  it  has  declined  by  2,952,219 
acres.  Against  these  results,  it  is  satisfactory  that  the  area 
returned  as  under  permanent  grass  has,  over  the  same  periods, 
increased  from  22,485,020  acres  to  27,146,147,  or  by  4,661,127 
acres.  With  this  increase  in  feeding  area,  and  increase  also  of 
imported  food-stuffs,  there  has,  comparing:  the  last  ten  years  to 
1892  inclusive  with  the  preceding  ten,  been  an  increase  in  our 
average  annual  number  of  cattle  from  9,965,546  to  10,709,656,  or 
by  744,110;  a  decrease  in  that  of  sheep  from  31,7^.8,768  to 
30,343,502,  or  by  1,375,266,  and  an  increase  in  that  of  pigs 
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from  8,532,015  to  3,841,959,  or  by  309,944.  Yet,  over  tie 
same  periods,  there  has  been  an  average  annnal  increase  in  the 
imports  of  cattle  from  268,514  to  447,347,  or  by  178,838,  but 
a  decrease  in  that  of  sheep  from  934,874,  to  723,859  or  by 
211,015.  and  a  decrease  in  that  of  pigs  from  53,155  to  18,338, 
or  by  84,817.  There  has,  on  the  other  hand,  been  an  average 
annual  import  of  7,281,830  cwt.  of  dead  meat,  fresh  and  salted, 
over  the  last  fifteen  years,  against  only  3,915,516  cwt.  over  die 
preceding  five  years,  or  nearly  twice  as  mnch  over  the  later  yean. 

Thas,  although  our  own  feeding  area,  and  the  imports  of 
stock-foods,  have  greatly  increased  during  recent  years,  with 
this  our  live  stock  has  also  increased,  so  also  have  the  imports 
of  live  animals  and  of  dead  meat.  It  is  obvious  that  the  staple 
products  of  the  feeder,  like  the  crops  of  our  arable  land,  have  been 
insufficient  to  meet  the  requirements  of  a  rapidly  increasing 
population. 

In  connection  with  this  question  of  our  home  production  on 
the  one  hand,  and  imports  on  the  other,  it  will  be  of  interest  to 
consider  our  position  in  regard  to  some  of  the  smaller  articles 
of  agricultural  production.  Those  of  most  importance  to  the 
farmer  are — poultry  and  eggs,  and  the  dairy  products,  milk, 
butter,  and  cheese.  In  our  paper  on  AUoimenU  and  Small  Hold- 
ings, in  a  recent  number  of  this  Journal  (Vol.  III.,  3rd  Series, 
Part  III.,  p.  439),  we  called  attention  to  the  fact  that,  in  1890,  the 
values  of  our  imports  were — of  butter  10,598,848/.,  of  cheese 
4,975,1 34Z.,  of  eggs,  3,428, 806Z.,  and  of  poultry  and  game, 
497,857f. ;  or  in  all  for  these  articles  19,500,645/.  In  1892, 
however,  the  values  of  the  imports  were — of  butter,  1 1,965,284/., 
of  cheese  5,417,777/.,  of  eggs  3,793,018/.,  and  of  poultry  and 
game  583,430/. ;  or  in  all  21,759,509/.  Thus  the  increase  in 
the  value  of  the  imports  of  these  articles  in  1892  compared  with 
1890  was— for  butter  1,366,436/.,  for  cheese  442,5i3J.,  for 
eggs  364,216/.,  and  for  poultry  and  game  85,572/. ;  or  in  aU 
2,258,767/. 

In  reference  to  these  amounts  it  may  be  stated  that  the  value 
of  the  poultry  and  game  imported  was  nearly  three  times  as  much 
over  the  last  five  years  as  over  the  first  five  of  the  last  twenty 
years  to  1892  inclusive,  and  that  the  number  of  eggs  imported 
was  nearly  double  over  the  last  compared  with  the  first  five  years 
of  the  twenty.  More  attention  might  perhaps  with  advantage 
be  paid  to  the  home  production  of  poultry  and  eggs ;  but,  with 
our  climate,  any  really  material  increase  in  such  production  could 
only  be  attained  by  outlay  for  protection  from  the  weather,  and 
perhaps  for  artificial  heat,  during  the  colder  months  of  the  year  ; 
whilst  the  expenditure  for  food  would  be  the  greater  the  less  the 
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birds  had  to  rely  on  the  waste  com  and  other  matters  they  could 
pick  np  about  the  farm,  as  they  largely  do  at  present. 

As  to  butter,  unfortunately  until  the  last  few  years  *'  butter- 
ine  "  or  '*  margarine  "  was  included  with  butter  in  the  returns, 
which  show,  of  the  two  together,  a  very  great  increase.  Probably 
in  the  earlier  years  of  the  Returns,  the  imports  were  chiefly 
batter;  but  during  the  last  seven  years  to  1892  inclusive, 
when  margarine  has  been  given  separately,  it  contributed  from 
one-third  to  one-half  of  the  total  quantity  of  the  imports,  which 
were  more  than  twice  as  great  over  the  last  five  as  over  the 
first  five  of  the  last  twenty  years.  Certainly  there  has  been  great 
room  for  improvement,  and,  indeed,  there  still  is,  in  the  quality 
of  much  of  our  home-made  butter.  But,  thanks  to  the  good 
work  done  in  technical  teaching  on  butter-making  during  the 
last  few  years,  some  improvement  has  already  been  attained  ; 
and  there  is  every  reason  to  hope  that  it  will  be  more  general 
in  the  near  future.  As  to  quantity,  the  home  product  has  pro- 
bably increased  to  some  extent  in  recent  years ;  but  when  it  is 
considered  that  to  produce,  in  addition  to  the  present  home  yield, 
the  amount  annually  imported,  would  require  a  very  large  area 
of  grass  land,  besides  a  good  deal  of  arable  land  produce,  and  of 
imported  food-stuffs  as  well,  the  hopelessness  of  meeting  the 
whole  requirement  of  our  present,  to  say  nothing  of  an  increased, 
population  is  obvious. 

Then  as  to  cheese,  our  imports  have  gradually  increased 
during  the  last  twenty  years ;  and  they  have  been  about  one-third 
more  over  the  last  five  than  they  were  over  the  first  five  of  the 
twenty  years.  As  in  the  case  of  butter,  so  in  that  of  cheese,  im- 
provement in  the  making  is  taking  place,  under  the  influence  of 
more  widely  disseminated  technical  teaching.  But  to  increase 
the  quantity  so  as  to  meet  the  requirement  for  consumption  with- 
out imports  would  again  involve  the  devotion  of  a  very  large 
acreage  of  grass — the  more  the  less  suitable  the  land  for  the 
purpose ;  besides,  as  in  the  case  of  butter,  the  use  of  a  consider- 
able quantity  of  arable  land  produce  and  of  imported  food.  In 
fact,  to  prodnce  the  increased  amounts  of  butter  and  cheese  sup- 
posed, would  require  several  million  acres  of  grass-land,  necessa- 
rily displacing  some  other  produce,  involving  increased  importa- 
tion of  something  else  to  compensate  the  loss  ;  and  it  would  also 
require  increased  importation  of  food-stuffs  for  the  cows. 

As  to  fruit  and  vegetables,  the  annual  value  of  the  imports 
of  which  is  considerable,  their  increased  production  at  home  is 
more  dependent  on  local  circumstances  of  soil  and  climate  than  is 
that  of  some  of  the  more  purely  agricultural  and  more  important 
products.    It  is  satisfactory  to  note,  however,  that,  according  to 
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the  Betams,  the  area  under  market  gardening  in  Great  Britain 
has  been  about  twice  as  great  during  the  last  five  as  during  the 
first  five  of  the  last  twenty  years ;  and  the  rate  of  increase  has 
been  the  greater  during  the  last  few  years.  Still,  our  imports  of 
fruit  and  vegetables  have  also  increased  ;  and  there  is  little  hope 
that  we  can  effectively  compete  with  the  countries  from  which 
we  derive  large  supplies  of  certain  fruits,  and  of  early  vegetables, 
which  command  the  highest  prices. 

Although,  therefore,  there  is  evidence  of  some  increase  in 
the  home  production  of  the  various  smaller  articles,  and  further 
extension  seems  both  probable  and  promising,  yet  there  can  be 
no  hope  that  the  home  production  of  these  articles  can  be  so  raised 
as  to  meet  the  requirement  of  our  present,  to  say  nothing  of  an 
increasing,  population. 

But,  in  an  article  in  the  Nineteenth  Century  of  December  1892, 
Mr.  Jesse  Ceilings,  M.P.,  calls  attention  to  the  fact  that,  leaving 
com  and  cattle  out  of  the  question,  we  in  1891  imported  other 
articles  of  agricultural  produce  to  the  value  of  more  than 
38,000,000Z.  The  articles  he  enumerates  are — cheese,  butter, 
margarine,  lard,  poultry,  game  and  rabbits,  bacon  and  hams, 
pork — fresh  and  salted,  potatoes,  eggs,  and  apples  ;  and  he  asks — 
"  Why  cannot  the  farming  industry  supply  our  home  market — 
the  best  of  all  markets — with  sufficient  quantities  of  the  articles 
named  ?  "  He  says  the  question  arises :  **  Why  should  an  in- 
dustry be  subject  to  continual  depression  which  has  such  a  vast 
amount  of  trade  offered  at  its  very  doors  ?  What  would  be  said 
of  a  body  of  manufacturers  who  had  available  men  and  material, 
but  who,  through  failing  to  adapt  their  productions  to  the 
demand,  allowed  half  the  orders  offered  them  to  go  to  foreign 
countries,  and  who  nevertheless  complained  of  depression  in 
trade  ?  "  He  adds — "  The  matter  is  one  of  national  importance, 
as  affecting  the  trade  of  the  country,  and  it  is  time  for  the  shop- 
keeper, the  manufacturer,  and  the  commercial  classes  generally 
to  toke  it  up."  And  again  he  says — ''  If  a  few  thousand  pounds' 
worth  of  steam-engines  or  iron  girders  are  imported  from 
Belgium,  the  Chambers  of  Commerce  and  the  commercial  press 
are  alive  to  the  dangers  therefrom  to  British  manufacturers,  but 
no  anxiety  at  all  is  shown  at  the  steady  increase  in  our  imports, 
say,  of  cheese,  which  in  1891  amounted  in  value  to  nearly 
5,000,000Z.  sterling.  Surely  this  country  is  as  fitted  to  produce 
cheese  as  it  is  to  manufacture  steam-engines  and  girders !  " 

Now  it  so  happens  that  in  the  very  same  number  of  the 
Trade  and  Navigation  RetumSy  which  gives  the  list  of  articles  of 
agricultural  produce  imported  in  189 1,  to  the  value  of  more  than 
38,000,000^.,  we  find  that— under  the  head  of  ''  Manufactured 
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Articles  ^ — clocks,  cotton  mannfactures,  glass,  hats  and  bonnets 
of  straw,  iron  girders,  beams,  pillars,  and  other  articles,  leather, 
boots,  shoes,  and  gloves,  paper,  silk,  straw-plait,  watches,  woollen 
manu&ctnres,  silk  manufactnres,  and  others  not  ennmerated, 
were  in  the  same  year  (1891)  imported  to  the  value  of  more  than 
65,000,000{. !  No  doubt  the. home  producers  of  these  various 
articles  would  be  able  satisfactorily  to  explain  why  the  large 
amounts  of  them  imported  are  not  produced  at  home  instead, 
when  such  numbers  of  our  population  are  unemployed;  and 
doubtless  the  various  reasons  could  be  summed  up  in  the  few 
words — ^it  would  not  pay  !  Agriculturists,  we  suppose,  would  not 
presume  to  pass  a  judgment  on  the  validity  of  the  reasons  given 
by  the  experts  in  the  different  branches  of  manufacture.  But 
agriculturists  are  treated  in  a  very  different  manner  by  those 
who  apparently  know  as  little  about  the  necessary  conditions  of 
profitable  agriculture,  as  agriculturists  may  be  supposed  to  do  of 
the  various  manufactures  of  which  we  import  65,000,000!.  worth 
a  year! 

The  truth  is  that,  for  the  essential  purpose  of  providing 
cheap  food  for  the  people,  and  for  the  urban  manufacturing 
populations  especially,  free  trade  in  agricultural  produce  has 
been  established,  and  imports  have,  accordingly,  immensely 
increased.  An  inevitable  result  of  this  has  been  a  great  re- 
duction in  price,  the  cost  for  breadnstuffs  alone  having  been,  as 
we  have  shown  in  this  paper,  less  than  two-thirds  as  much  per 
head  of  the  population  during  the  later  as  during  the  earlier  years 
of  the  period  of  our  inquiry.  A  necessary  consequence  has  been 
to  reduce  the  area  under  grain  crops,  and  with  this  the  area  under 
the  plough,  in  our  own  country,  and  hence  to  reduce  the  amount 
of  labour  required  to  a  given  area,  and  so  naturally  to  reduce  the 
rural  popidation.  A  further  consequence  has  been  great  reduction 
in  rents,  and  serious  loss  of  tenants'  capital.  But  the  urban  and 
manufacturing  populations  resent  the  idea  that  they  should  bear 
any  share  of  the  burden  resulting  from  the  competition  with 
foreign  producers,  and  the  great  reduction  in  price  chiefly  in 
their  interest,  necessitating  as  it  does  a  less  requirement 
for  rural  labour,  which,  together  jvith  a  rapidly  increasing 
population,  leads  many  to  go  into  the  towns.  It  so  happens,  too, 
that  the  most  practicable  suggestions  for  change  in  our  agri- 
cultural system  would  only  tend  to  increase  the  particular  evil 
complained  of,  by  still  further  reducing  our  arable  and  increasing 
our  grass  land  area ;  whilst  some  of  the  schemes  proposed  are 
of  very  limited  applicability,  and  others  would  pretty  certainly 
be  unprofitable,  if  not  indeed  attended  with  considerable  loss. 

We  have  indicated  above  in  which  direction  tliere  seems  the 
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heat  prospect  of  improvement  or  extension  in  the  production  of 
some  of  the  smaller  articles  of  which  we  import  so  much ;  and 
we  should  desire  to  give  every  encouragement  to  well-directed 
effort.  At  the  same  time,  we  are  firmly  of  opinion  that  it  is 
out  of  the  question  to  look  for  anything  like  such  a  result  as  a 
greatly  increased  production  of  some  of  the  articles  enumerated. 
Nor  do  we  believe  that  an  extensive  application  of  the  Small 
Holdings  Act  would  bring  about  the  changes  anticipated  to 
anything  like  the  extent  that  seems  to  be  assumed.  County 
Councils,  to  whose  judgment  and  action  in  the  matter  Mr. 
ColUngs  looks  forward  so  sanguinely,  will,  after  all,  have  to 
face  the  question — will  it  pay  ? 

But  to  return  to  the  question  of  wheat  production,  which  is 
our  special  subject  on  the  present  occasion :  In  our  paper  on 
Allotments  and  Small  Holdings,  above  referred  to,  we  showed 
that,  with  the  rapid  increase  of  population  which  had  taken 
place,  it  would  have  been  impossible  for  our  own  country  to 
have  produced  all  the  wheat  required  for  consumption ;  and  that, 
should  the  increase  continue,  it  will  be  in  a  greater  degree  im- 
possible in  the  future.  It  was  pointed  out,  that  the  area  under 
wheat  in  the  United  Kingdom  had  during  the  last  eight  years 
avenged  rather  less  than  one-eighth  of  the  toixl  arable  area ; 
and  that  to  produce  all  the  wheat  required  for  consumption, 
more  than  one-third  of  our  existing  arable  area  would  be 
required ;  or  that,  if  the  area  devoted  to  other  rotation  crops 
were  to  continue  to  bear  about  the  same  relation  to  that  under 
wheat  as  in  recent  years,  the  total  arable  area  would  have  to 
be  increased  nearly  three-fold,  making  in  all  much  more  than 
our  present  total  arable  and  grass  areas  put  together ;  or  that, 
if  wheat  were  to  be  grown  on  a  larger  proportion  of  the  exist- 
ing arable  area,  it  could  only  be  by  the  exclusion  of  the  growth 
of  other  grain  crops  and  stock-foods,  which  would  then,  in  their 
turn,  have  to  be  imported  in  larger  quantities;  or,  our  stock 
must  be  reduced,  and  our  imports  of  live  animals,  dead  meat, 
and  dairy  produce,  be  very  much  increased. 

Doubtless,  if  the  price  of  wheat  were  materially  to  recover, 
the  area  under  the  crop  wq^ld  again  increase ;  but  it  is  obvious 
that  with  an  annually  increasing  population,  and  demand  for 
sustenance,  it  is  hopeless  to  suppose  that  we  can  supply 
from  home  produce  even  so  large  a  proportion  of  the  total 
amount  required  as  during  the  earlier  periods  to  which  oar 
inquiry  relates.  Indeed,  it  is  evident  that,  even  if  our  wheat 
area  were  to  regain  its  former  proportions,  it  could,  with  the 
rapidly  increasing  demands  for  other  products,  only  be  by  th# 
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displacement  of  some  of  them,  which  would  then  have  to  be  im- 
ported instead  of  grown  at  home. 

In  conclusion,  it  must  be  admitted  that,  unless  low  prices 
should  check  the  production  of  grain  for  export  in  other  coun- 
tries, or  from  any  other  cause  prices  should  rise,  there  is  little 
likelihood  that  our  own  farmers  will  have  much  inducement  to 
increase  their  area  under  grain  crops.  Under  such  circumstances, 
a  larger  proportion  of  the  remaining  arable  area  will  be  devoted 
to  the  growth  of  stock-foods,  and,  with  the  increased  and  increas- 
ing area  under  grass,  the  production  of  meat  and  dairy  produce 
may  acquire  increased  importance  in  our  own  agriculture; 
that  is,  provided  the  farmer  be  protected  from  imported  cattle 
disease,  and  from  the  importation  of  adulterated  dairy  products. 
But  it  is  to  be  borne  in  mind,  that  material  increase  in  the  pro- 
duction of  meat,  milk,  butter,  and  cheese,  cannot  be  attained 
without  the  aid  of  imports  of  stock-foods,  providing  both  food 
and  manure,  and  of  some  direct  manures  also ;  whilst,  with  our 
increased  and  increasing  population,  and  limited  agricultaral 
area,  it  cannot  be  expected  that  the  demands  for  home  consump- 
tion can  be  met  without  large  imports  of  both  grain  and  the 
products  of  feeding.  Lastly,  with  the  decrease  of  arable  area, 
and  the  increase  of  permanent  grass  and  of  feeding,  the  number 
of  the  population  engaged  in  rural  pursuits  must  necessarily 
diminish. 

John  Bennet  Lawes. 

Joseph  Henry  Gilbert. 
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I.  (p.  58). — Home  Produce,  Imports,  and  Consumption  of  Wheat, 
in  the  United  Kingdom,  40  Harvest- Years,  1852-3  to  1891-2, 
indosive. 

II.  (facing  p.  58). — Home  Produce,  Imports,  Consumption,  and 
Price  of  Wheat,  in  the  United  Kingdom,  40  Harvest- Years, 
1852-3  to  1891-2,  inclusive. 
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Appbidiz-Tablb  I. — Home  Produce,  ImporU,  and  Contwiyition  of  Wht^  i 
the  United  Kingdom,^  40  Harveit-Yeari,  1862-8  to  1891-2,  indutim. 
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Introduction  and  Historical  Sketch. 

It  has  frequently  been  explained  that  the  general  scope  and 

plan  of  the  Rothamsted  field  experiments  have  included  the 

growth  of  some  of  the  most  important  crops  of  rotation,  each 

separately,  year  after  year,  for  many  years  in  succession  on  the 

same  land,  without  manure,  with  farmyard  manure,  and  with  a 

great  variety  of  chemical   manures — the  same   description  of 

A  2 
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manure  being,  as  a  rule,  applied  year  after  year  on  the  same 
plot.  But,  besides  such  experiments,  what  may  in  a  sense  be 
called  complementary  series  have  also  been  made — on  the 
growth  of  crops  in  an  actual  course  of  rotation,  without  and 
with  different  manures.  Lastly,  others  have  been  conducted  on 
the  mixed  herbage  of  permanent  grass-land,  both  without  and 
with  various  manures. 

It  is  obvious  that  the  results  of  the  field  experiments  with 
individual  crops  must  of  themselves  throw  much  light  on  the 
characteristic  requirements  of  the  particular  crop  under  investi- 
gation ;  whilst  those  on  the  growth  of  crops  in  an  actual  course 
of  rotation  will  serve  to  confirm  and  control  those  obtained  with 
the  individual  crops ;  and  they  will,  in  their  turn,  receive  elucida- 
tion from  the  results  with  the  individual  crops.  Then,  again,  the 
results  of  experiments  on  the  application  of  different  manures  to 
the  mixed  herbage  of  permanent  grass-land,  which  includes, 
among  others,  members  of  the  botanical  families  that  contribute 
some  of  the  most  important  of  our  rotation  crops,  may, 
independently  of  their  value  in  reference  to  the  special  objects 
for  which  they  were  undertaken,  be  expected  to  afford  inte- 
resting collateral  evidence  in  regard  to  the  requirements  of 
individual  plants  when  thus  grown  in  association,  instead  of 
separately  year  after  year,  or  in  rotation,  as  in  the  other  series 
of  experiments.  Obviously,  too,  the  chemical  statistics  of  the 
crops  so  variously  grown,  and  of  the  soils  of  the  plots  upon 
which  they  have  been  grown,  must  afford  very  important  data 
for  further  study  and  elucidation. 

The  individual  crops  which  have  been  grown  separately  year 
afcer  year  on  the  same  land  include — wheat,  barley,  and  oats, 
as  members  of  the  Order  Graminea3 ;  beans,  clover,  and  other 
plants,  of  the  Order  Leguminosao ;  turnips  of  the  CruciferaB ; 
sugar-beet  and  mangel-wurzel  of  the  Chenopodiaceae  ;  and 
potatoes  of  the  Solanea9.  Then,  the  experiments  on  rotation 
include  those  with  members  of  three  different  Orders  of  plants 
— turnips  of  the  Cruciferae,  barley  and  wheat  of  the  GraminesB, 
and  clover  and  beans  of  the  Leguminosa9.  Lastly,  there  are  the 
experiments  on  the  mixed  herbage  of  permanent  grass-land, 
which,  besides  gramineous  and  leguminous  plants,  includes 
numerous  species  of  other  natural  Orders. 

The  first  experiments  made  were  those  with  root-crops, 
which  were  commenced  in  June  1843,  so  that  the  present  year 
(189  4)  is  the  fifty-second  of  their  continuance.  '  The  second  were 
thos*^  on  wheat,  commenced  in  the  autumn  of  1843,  so  that  the 
crop  just  harvested  is  the  fifty-first  grown  in  succession  on  the 
same  land.     The  experimente  with  beans  were  commenced  in 
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1847;  but,  for  reasons  which  have  been  explained  in  various 
papers,  they  have  not  been  continued  up  to  the  present  time. 
Those  with  clover  were  commenced  in  1848,  and  have  been 
sacceeded  on  the  same  land  by  others  with  various  leguminous 
plants,  which  are  still  continued.  Then,  of  the  other  more  im« 
portant  series,  those  on  barley  were  commenced  in  1852,  and  are 
still  in  progress,  the  crop  of  the  present  year  being,  therefore, 
the  forty-third  in  succession.  Experiments  with  oats  were  com- 
menced in  1869,  and  continued  for  ten  years ;  and  others,  on  the 
growth  of  wheat  alternated  with  fallow,  but  without  manure, 
^vere  commenced  in  1851,  and  are  still  going  on,  1894  being, 
therefore,  the  forty-fourth  year.  Of  the  other  field  experiments, 
those  on  the  mixed  herbage  of  permanent  grass-land  were 
commenced  in  1856,  so  that  this  year  completes  the  thirty- 
ninth  of  their  continuance.  Lastly,  the  experiments  on  an 
actual  course  of  rotation  were  commenced  in  1848,  and  are  still 
continued,  so  that  the  present  is  their  forty-seventh  year. 

In  former  papers  in  this  Journal,  and  elsewhere,  the  influ- 
ence of  exhaustion,  manures,  and  variations  of  season,  on  the 
amounts  of  produce,  and  on  the  composition,  of  certain  indi- 
vidual and  typical  crops,  when  each  is  grown  separately  year 
after  year  on  the  same  land,  have  been  considered.  In  this  way, 
there  have  been  discussed  the  characteristic  requirements  and 
results  of  growth — of  various  cereal  crops,  of  various  root-crops, 
of  potatoes,  and  lastly,  of  various  leguminous  crops.  Eesults  of 
the  experiments  on  the  mixed  herbage  of  grass-land  have  also 
been  given  from  time  to  time. 

Our  subject  on  the  present  occasion  is  the  Rotation  of  Crops. 
The  mere  numerical  results  of  the  field  experiments  made  at 
Kothamsted  on  rotation  have  been  recorded  in  the  annual 
"  Memoranda  " ;  but  no  systematic  discussion,  either  of  them  or 
of  the  laboratory  investigations  undertaken  in  connection  with 
them,  has  hitherto  been  published ;  and  although  the  present 
communication  embodies  a  good  deal  of  detail,  and  a  somewhat 
comprehensive  consideration  of  it,  there  still  remains  much 
which  could  not  be  included  within  the  limits  of  this  paper. 

The  practice  of  Rotation  is  admitted  to  be  the  foundation  of 
the  improvements  in  our  own  agriculture  which  have  taken  place 
daring  this  and  a  considerable  part  of  the  last  century.  It  is  of 
great  importance,  therefore,  carefully  to  consider,  both  in  what  the 
practice  itself  consists,  and  how  its  benefits  are  to  be  explained. 
If  the  rotation  of  crops  as  followed  in  our  own  country,  indeed 
over  large  portions  of  Europe,  were  to  be  defined  in  the  fewest 
possible  words,  it  might  be  said  that  it  consists  in  the  alternation 
of  root-crops,  and  of  leguminous  crops,  with  cereals.    In  the 
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United  States,  however,  it  is  a  gramineous  crop — maize — which 
largely  takes  the  place  of  root-crops  in  Europe. 

The  cereals  constituting  such  a  veiy  important  element  of 
human  food,  it  was  natural  that  they  should  be  grown  almost 
continuously  so  long  as  the  land  would  yield  remunerative 
crops.  Hence,  the  history  of  agriculture,  not  only  in  our  own 
country,  but  in  others  where  these  crops  were  of  high  relative 
value,  shows  that  it  very  generally  came  to  be  the  custom  to 
grow  them  for  a  number  of  years  in  succession,  and  then  to 
have  recourse  to  bare  fallow ;  or,  in  some  cases,  to  abandon  the 
land  to  the  growth  of  rough  and  weedy  herbage,  afifording 
scanty  food  for  domestic  animals. 

The  improvement  upon  these  practices,  attainable  by 
alternating  other  crops  with  the  cereals,  was  very  much 
earlier  recognised  in  the  case  of  the  leguminous  than  of  the 
root-crops,  the  introduction  of  which  is  of  comparatively  recent 
date. 

It  was,  in  fact,  distinctly  recognised  by  the  Bomans  more 
than  two  thousand  years  ago,  not  only  that  certain  leguminous 
crops  were  valuable  as  food  for  animals,  but  that  their  growth 
enriched  the  soil  for  succeeding  crops — in  fact,  that  they  were  of 
value  as  restorative  crops  grown  in  alternation  with  the  cereals. 
There  is,  however,  very  scanty  indication  that  root-crops  were 
an  element  in  their  alternate  cropping. 

As  in  the  agriculture  of  the  ancients,  so  in  that  of  more 
modem  times,  especially  in  our  own  country,  various  legumi- 
nous crops  were  grown  in  alternation  with  cereals  long  before 
roots  were  so  interpolated. 

It  was,  indeed,  not  until  about,  or  after,  1730  that  Lord 
Townshend,  who,  as  Secretary  to  George  I.,  had  been  in  Hano- 
ver, and  there  seen  turnips  growing  as  a  field  crop,  on  his 
return  introduced  them  on  his  own  estate  in  Norfolk,  and  there 
founded  the  celebrated  Norfolk  four-course  rotation  of  turnips, 
barley,  clover,  and  wheat.  His  own  land  was  previously  to  a 
great  extent  a  marshy  or  sandy  waste,  and  its  value  was 
increased  enormously  under  the  new  system.  It  was,  however, 
not  until  towards  the  end  of  the  century  that  it  became  gene- 
rally adopted  even  throughout  his  own  county.  In  this  exten- 
sion Mr.  Coke,  of  Holkham  (afterwards  Earl  of  Leicester),  was 
largely  instrumental,  and  the  practice  seems  to  have  next 
extended  into  Lincolnshire. 

It  was  thus  that  The  Faiir-cmirse  Rotation,  or,  in  other 
words,  the  alternation  of  root-crops  and  of  leguminous  crops 
with  cereals,  became  established.  Such  alternation  is,  in  fact, 
the  basis  of  all  the  various  rotations  which  are  adopted   in 
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different  parts  of  onr  own  country,  and  also  to  a  great  extent 
which  are  followed  in  many  other  countriee. 

It  ifi  worthy  of  remark  that,  although  we  owe  the  introdnc- 
tion  of  the  essential  elements  of  onr  rotations  to  the  example  of 
our  Continental  neighbours,  we,  with  one  or  two  immaterial 
exceptions,  obtain  more  per  acre  of  all  the  staple  saleable 
products  of  rotation,  grain  and  meat,  under  our  landlord, 
tenant,  and  labourer  system,  than  any  other  country  in  Europe, 
or  thai  in  Ainerica,lder  'whateve/ advantagee  of  cUnu^te,  o^ 
under  whatever  system  of  holding,  or  of  size  of  holdings.  Thus, 
there  is  not  a  single  country  in  Europe  that  reaches  our  average 
produce  per  acre  of  wheat ;  only  Belgium  and  Holland  approach, 
but  they  do  not  equal,  us  in  the  produce  of  barley;  only 
Belgium,  Holland,  and  Norway  exceed  us  in  acreage  yield  of 
oats ;  and  no  country  approaches  us  in  acreage  produce  of 
potatoes.  Again,  whilst  several  countries  exceed  us  in  number 
of  cows  to  a  given  area,  and  some  in  the  number  of  pigs,  not 
one  equals  us  in  weight  per  acre  of  other  cattle  than  cows ; 
and  not  one  nearly  approaches  us  in  the  weight  of  sheep  to  a 
given  area.  Nor,  notwithstanding  the  great  depression  of  our 
agriculture  in  recent  years,  the  result  of  the  low  prices  of 
produce,  is  there  any  probability  that  we  shall  soon  lose  our 
pre-eminence  in  production  per  acre. 

There  can  be  no  doubt  that  the  effect  of  the  extension  of 
the  grovrth  of  green  crops  was — to  a  great  extent  to  get  rid  of 
unprofitable  fallows,  greatly  to  increase  the  supply  of  stock 
food,  especially  for  winter  feeding ;  so  to  lead  to  a  largely 
increased  production  of  meat  and  milk,  to  a  greatly  increased 
supply  of  manure,  and  thus  to  enrich  the  land  for  the  growth 
of  grain,  which,  accordingly,  yielded  much  larger  crops. 

We  have  now  to  endeavour  to  ascertain  how  the  admittedly 
very  beneficial  effects  of  alternate,  as  distinguished  from 
continuous,  cropping  are  to  be  explained.  It  will  be  well  first 
very  briefly  to  refer  to  some  of  the  chief  theoretical  explanations 
that  have  been  put  forward,  and  afterwards  to  discuss  the 
results  of  various  direct  experimental  investigations  conducted 
at  Rothamsted  on  the  subject  of  rotation. 

The  first  definite  theory  as  to  the  benefits  of  the  alternation 
of  crops  assumed  that  the  excreted  matters  of  one  description 
of  crop  were  injurious  to  plants  of  the  same  description,  but 
that  t£ey  were  not  so,  and  might  even  be  beneficial,  to  other 
kinds  of  plants. 

At  first  liebig  pronounced  this  theory  of  rotation  to  be  the 
only  one  having  any  really  scientific  basis.     Later  he  seems  to 
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hare  modified  his  view  considerably,  and  to  have  sappoaed 
that  the  explanation  was — not  that  the  excreted  matters  of  one 
description  of  plant  were  injorioos  to  another  of  the  same 
description,  but  that,  as  the  different  plants  had  sach  Terr 
different  mineral  reqairements,  the  alternation  of  one  kind  with 
another  relieved  the  soil  from  exhaustion.  In  his  latest  work. 
however,  after  many  years  of  controversy,  he  obviously  more 
fully  recognised  that  nitrogen  probably  played  some  iniportaut 
part  in  the  matter. 

More  than  fifty  years  ago  Bonssingault  pablished  the 
results  of  an  investigation,  extending  over  a  period  of  ten 
years,  to  determine  the  chemical  statistics  of  some  of  the 
rotations  actually  followed  in  his  own  locality,  in  Alsace; 
and  he  came  to  the  conclusion  that  the  difference  in  the 
amounts  of  nitrogen  taken  up  by  the  different  crops  ccHistitnted 
a  very  important  element  in  the  explanation  of  the  benefits  of 
rotation. 

We  can  only  further  briefly  refer  to  the  results  and  cofnclu- 
sions  of  the  late  Professor  Daubeny,  of  Oxford,  who  commenced  a 
series  of  experiments  in  the  Botanic  Garden  there  in  1834.  One 
of  the  original  objects  he  had  in  view  was  to  test  the  truth  of  De 
Candolle's  theory  that  the  excretions  of  one  description  of  plant 
were  injurious  to  plants  of  the  same  description.  He  soon  came 
to  a  negative  conclusion  on  the  subject ;  and  recognised  the 
validity  of  Boussingault's  argument  that  the  actual  facts  of 
vegetation  in  different  parts  of  the  world  conclusively  showed 
that  the  same  description  of  plant  may  continue  to  grow 
healthily  on  the  same  land  for  long  periods  of  time.  On  this 
point  it  is  scarcely  necessary  to  add  that  the  experience  at 
Rothamsted  on  the  growth  of  various  agricultural  crops  year 
after  year  on  the  same  land  for  many  years  in  succession  is 
conclusive  against  the  theory  of  injurious  or  poisonous 
excretions. 

But,  as  already  said,  Dr.  Daubeny  continued  his  experi- 
ments for  ten  years;  and  although,  in  accordance  with  the 
prevailing  ideas  of  the  time,  all  his  analytical  results  related  to 
the  mineral  constituents  of  his  soils  and  crops,  his  main  con- 
clusion was,  that  the  benefits  of  rotation  were  probably  as  much 
connected  with  the  available  supply  of  the  organic  as  of  the  in- 
organic constituents. 

What,  then,  are  the  indications  of  the  results  of  many  years 
of  investigation  of  the  subject,  in  the  field  and  in  the  laboratory, 
at  Rothamsted  ? 
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The  Experiments  on  Rotation  made  at  Rothamsted. 

The  experiments  hare  been  condncted  in  Agdell  Field.  An 
area  of  2^  acres  is  devoted  to  the  purpose.  The  ordinary 
four-course  rotation  of — turnips,  barley,  clover  (or  beans),  or 
fallow,  and  wheat,  was  adopted.  The  experiments  were  com- 
menced in  1848,  so  that  the  eleventh  course  of  four  years  each 
i¥a8  completed  with  the  harvest  of  1891 ;  and  the  wheat  which 
has  just  been  sown  (October  1894)  is  the  fourth  crop  of  the 
twelfth  coarse,  and  will  complete  tJbe  forty-eighth  year  of  the 
experiments. 

The  area  of  2^  acres  was  divided  into  three  main  divisions, 
which  have,  respectively,  been  xmder  the  following  conditions 
as  to  manuring: — 

1.  Without  manure  from  the  commencement. 

2.  For  the  first  nine  courses,  manured  with  superphosphate 
alone,  applied  only  for  the  turnip  crop  commencing  each  course ; 
that  is,  once  every  four  years.  For  the  tenth,  and  each  subse- 
quent course,  salts  of  potash,  soda,  and  magnesia,  have  been 
applied  as  well  as  superphosphate. 

3.  A  complex  artificial  manure,  also  applied  every  fourth 
year ;  that  is,  for  the  turnips  commencing  each  course.  This 
manure  comprises — superphosphate,  salts  of  potash,  soda,  and 
magnesia,  ammonium-salts,  and  rape-cake;  and  it  supplies 
about  140  lb.  of  nitrogen  per  acre  for  the  four  years'  course ; 
that  is,  an  average  of  35  lb.  of  nitrogen  per  acre  per  annum. 

The  complex  manure  (3)  was  designed  to  be,  in  great  measure, 
a  substitute  for  farmyard  manure ;  and  it  was  used  instead  of  it, 
in  order  that  the  amount  of  the  different  constituents  supplied 
might  be  more  accurately  known  than  would  have  been  the 
case  if  farmyard  manure  had  been  employed. 

It  should  be  further  explained,  that  when  the  land  is  under 
turnips,  the  roots,  with  their  leaves,  are  removed  from  one 
half  of  each  of  the  three  differently  manured  plots ;  whilst,  on 
the  other  half  of  each,  the  produce  is  consumed  on  the  land  by 
sheep  ;  or,  if  the  weather  be  unsuitable  for  this,  the  roots  are 
sliced,  and  both  roots  and  leaves  are  spread  on  the  land.  Thus, 
each  of  the  three  main  divisions  is  divided  into  two,  making,  so 
far,  six  in  all. 

Then  again,  after  the  first  course  of  four  years,  in  the  third 
year  of  each  course  the  leguminous  crop  was  grown  on  only  half 
of  each  of  the  three  differently  manured  plots,  and  the  other 
half  was  left  fallow.  Lastly,  as  clover  cannot  be  relied  upon  on 
such  land  so  often  as  once  in  four  years,  beans  have  frequently 
been  grown  instead. 
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We  have  finally,  therefore,  twelve  plots  instead  of  only  three. 
That  is  to  say,  each  of  the  three  differently  manured  plots  is 
divided  into  four  as  above  described,  and  as  indicated  in  the 
heading  of  the  several  Tables ;  and,  as  the  same  form  of  table 
will,  as  far  as  possible,  be  adopted  throughout,  it  is  very  desirable 
that  a  clear  idea  of  the  arrangement  should  be  formed  at  the 
outset.  It  will  be  seen  that  under  each  of  the  three  main  divi- 
sions designated  in  the  heading  according  to  the  manuring^,  the 
results  are  subdivided,  showing  first  the  produce  obtajned 
where  the  roots  were  carted  from  the  land ;  and  secondly,  where 
they  were  fed  (or  left)  upon  it.  Lastly,  under  each  of  these 
two  conditions  so  far  as  the  disposal  of  the  turnips  is  concerned, 
there  is  again  a  subdivision  into  two— one  where  in  the  third 
year  of  the  course  the  land  was  left  fallow,  andT  the  other  where 
either  clover  or  beans  was  grown. 

Each  year  the  amount  of  produce  on  each  of  the  various 
plots  is  weighed ;  samples  of  each  crop  are  taken  ;  in  all  the 
dry  substance  and  the  mineral  matter  (ash),  and  in  many  the 
nitrogen,  are  determined  ;  in  many  cases  also  complete  analyses 
of  the  ashes  of  the  crops  have  been  made.  Lastly,  determina- 
tions of  the  total  nitrogen  have  been  made  in  the  surface  soils, 
and  in  the  upper  layers  of  the  subsoils,  at  different  periods ; 
and  the  nitrogen  as  nitric  acid  has  also  been  determined  to  a 
considerable  depth.  As  to  the  results  themselves,  only  brief 
reference  to  the  main  indications  of  these  various  investigations 
can  be  made. 

Tables  I.,  II.,  III.,  and  IV.  give  the  amounts  of  produce  of 
the  turnips,  the  barley,  the  leguminous  crops,  and  the  wheat, 
respectively,  in  each  of  the.  eleven  years  in  which  each  was 
grown,  in  the  eleven  completed  courses.  Each  Table  is  divided 
into  three  main  divisions — the  upper  one  giving  the  roots,  or 
the  grain,  &c.,  as  the  case  may  be ;  the  middle  the  leaves,  or 
the  straw ;  and  the  lower  one  the  total  produce — roots  and 
leaves,  or  grain  and  straw,  together. 

The  Swedish  Turnip  Crops. 

Referring  to  Table  I.,  relating  to  the  Swedish  turnips,  it  is 
seen  that  in  the  first  year,  1848,  there  was,  both  without 
manure  and  with  superphosphate  alone,  much  more  produce 
than  in  any  subsequent  year ;  showing  that,  at  the  commence- 
ment, the  land  was  in  somewhat  high  condition  due  to  pre- 
vious treatment.  Then,  again,  as  already  said,  for  the  tenth 
and  eleventh  courses,  salts  of  potash,  soda,  and  magnesia,  were 
used  as  well  as  superphosphate.   For  these  reasons,  the  results  of 
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stitaents  being  available,  there  was  a  large  increase  of  produce 
dae  to  the  supply  of  nitrogen  in  the  manure. 

The  figures  in  the  middle  division  of  the  Table  show  that  the 
produce  of  leaf  as  well  as  that  of  roots  was  increased  by  super- 
phosphate, and  that  it  was  still  further  increased  by  the  mixed 
manure  containing  nitrogen. 

The  next  point  is  to  consider  the  effects  of  the  other  con- 
ditions besides  those  of  different  manure  supply ;  that  is,  the 
removal  of  the  root-crop,' or  the  feeding  or  the  spreading  of  it 
upon  the  land ;  also  whether,  in  the  third  year  of  each  course,  a 
leguminous  crop  was  grown,  or  the  land  was  fallowed. 

It  is  seen  that,  without  manure^  whether  clover  or  beans 
"were  grown,  or  the  land  were  fallowed,  there  was  even  rather 
less  average  produce  of  roots  over  the  eight  years  where  they 
had  been  fed  on  the  land,  than  where  they  had  been  carted  off; 
but  with  such  very  small  crops  the  differences  are  immaterial,  if 
not  accidental. 

On  the  superphosphate  plots,  where  the  produce  was  much 
higher,  and  where  there  would,  therefore,  be  more  loss  to  the 
land  by  removal,  the  crops  were  materially  better  on  the  fed 
portions  of  the  plots. 

On  the  mixed  manure  plots,  on  the  other  hand,  with  nearly 
twice  as  much  produce  as  with  superphosphate  alone,  there  would 
be  still  greater  difference  between  the  condition  of  the  land 
where  the  roots  were  carted  off  and  where  they  were  fed  on ; 
but  there  was  very  little  difference  in  the  average  produce  of 
the  root  crop. 

It  will  be  seen  further  on,  that  the  higher  condition  of  the 
land  where  the  more  highly  manured  roots  were  fed  upon  it  had 
a  very  marked  effect  on  the  succeeding  cereal  crops,  and  espe- 
cially on  the  immediately  succeeding  barley.  This  was  the  case 
on  both  the  superphosphate  and  the  mixed  manure  plots. 

The  difference  of  effect  on  the  average  produce  of  the  root- 
crop,  by  fallowing,  or  by  growing  beans  or  clover,  in  the  third 
year  of  each  course  is,  in  the  comparable  cases,  practically 
immaterial  under  each  of  the  three  different  conditions  as  to 
manuring. 

Before  passing  from  Table  I.  it  is  to  be  obser\'^ed  that  there 
was  higher  average  produce  over  the  tenth  and  eleventh  courses 
with  superphosphate  and  potash,  soda,  and  magnesia,  than  over 
the  preceding  eight  courses  with  superphosphate  alone.  But,  as 
there  was  also  increase  in  a  greater  degree  with  the  mixed  mineral 
and  nitrogenous  manure  over  the  two  than  over  the  eight  years, 
it  is  obvious  that  the  character  of  the  seasons  had  a  good  deal  to 
do  with  the  result.  It  is  noticeable,  however,  that  on  the  plots 
with  potash^  soda,  and  magnesia,  as  well  as  superphosphate,  in 
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the  first  and  of  the  tenth  and  eleventh  courses  are  excladed 
from  the  averages  to  which  attention  will  chiefly  be  confined. 
In  this  Table,  however,  as  well  as  in  those  relating,  respectively, 
to  the  barley  and  the  wheat,  averages  are  given  at  the  foot  of 
each  division  of  the  Tables,  not  only  for  the  eight  intermediate 
courses — second  to  ninth,  but  also  for  the  two  succeeding  courses 
— tenth  and  eleventh,  for  which  potash,  soda,  and  magnesia  were 
used  as  well  as  superphosphate.  But,  for  the  leguminous  crops, 
the  averages  are,  for  reasons  that  will  be  explained,  taken  dif- 
ferently. 

The  first  point  to  notice  in  the  results  is  that,  under  each 
condition  as  to  manuring,  there  is  very  great  variation  in  the 
amount  of  produce  from  year  to  year  according  to  the  seasons. 
Thus,  in  1868,  the  crop  entirely  failed  on  all  the  plots,  although 
seed  was  sown  twice.  Again,  whilst  the  complex  manure  con- 
taining nitrogen  yielded  more  than  22  tons  of  roots  in  1880,  the 
same  manure  gave  little  more  than  4  tons  in  1860 ;  the  average 
yield  over  the  eight  courses  being  about  13^^  tons.  Against 
this,  the  average  by  superphosphate  alone  ranged  from  about 
6^  to  about  7^  tons;  whilst  without  manure  there  was  an 
average  of  only  about  1  ton. 

Referring  to  this  last  result,  it  is  particularly  to  be  observed 
that  this  assumed  restorative  crop  yields  practically  no  produce 
at  all  when  grown  without  manure. 

The  plot  with  superphosphate  alone  gives  very  much  more 
than  that  without  manure,  but  still  very  much  less  than  an 
average  agricultural  crop.  The  increase,  such  as  it  was,  was 
largely  due  to  the  greatly  increased  development  of  feeding-root 
within  the  surface-soil  under  the  influence  of  the  phosphatic 
manure ;  and  the  necessary  nitrogen,  beyond  the  small  amount 
of  combined  nitrogen  aunually  coming  down  in  rain  and  the 
minor  aqueous  deposits  from  the  atmosphere,  has  doubtless  been 
gathered  under  the  influence  of  the  increased  root-development 
from  the  previous  accumulations  within  the  soil  itself.  There 
is,  in  fact,  perhaps  no  agricultural  practice  by  which  what  is 
termed  the  condition  of  land,  that  ia  the  readily  available  fer- 
tility due  to  recent  accumulations,  can  be  so  rapidly  exhausted 
as  by  growing  turnips  on  it  by  sn^rphosphate  doni-provided 
of  course  that  the  seasons  are  favourable. 

Compared  with  the  produce  with  superphosphate  alone,  the 
mixed  manure,  supplying,  besides  superphosphate,  not  only 
salts  of  potash,  soda,  and  magnesia,  but  a  liberal  amount 
of  nitrogen,  yielded,  on  the  average  of  the  eight  courses,  nearly 
twice  as  much,  or  between  13  and  14  tons  of  roots;  though,  as 
already  pointed  out,  it  yielded  in  some  seasons  over  20  tons  per 
acre.    There  can  be  no  doubt  that^  the  necessary  mineral  con- 
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stitaentfi  being  available,  there  was  a  large  increase  of  produce 
due  to  the  snpply  of  nitrogen  in  the  manare. 

The  figares  in  the  middle  division  of  the  Table  show  that  the 
produce  of  leaf  as  well  as  that  of  roots  was  increased  by  super- 
phosphate, and  that  it  was  still  further  increased  by  the  mixed 
manare  containing  nitrogen. 

The  next  point  is  to  consider  the  effects  of  the  other  con- 
ditions besides  those  of  different  manure  supply ;  that  is,  the 
removal  of  the  root-crop,"  or  the  feeding  or  the  spreading  of  it 
upon  the  land ;  also  whether,  in  the  third  year  of  each  course,  a 
leguminous  crop  was  grown,  or  the  land  was  fallowed. 

It  is  seen  that,  without  manure^  whether  clover  or  beans 
were  grown,  or  the  land  were  fallowed,  there  was  even  rather 
less  average  produce  of  roots  over  the  eight  years  where  they 
had  been  fed  on  the  land,  than  where  they  had  been  carted  off; 
but  with  such  very  small  crops  the  differences  are  immaterial,  if 
not  accidental. 

On  the  superpJwsphMe  plots,  where  the  produce  was  much 
higher,  and  where  there  would,  therefore,  be  more  loss  to  the 
land. by  removal,  the  crops  were  materially  better  on  the  fed 
portions  of  the  plots. 

On  the  mixed  manure  plots,  on  the  other  hand,  with  nearly 
twice  as  much  produce  as  with  superphosphate  alone,  there  would 
be  still  gi'eater  difference  between  the  condition  of  the  land 
where  the  roots  were  carted  off  and  where  they  were  fed  on ; 
but  there  was  very  little  difference  in  the  average  produce  of 
the  root  crop. 

It  will  be  seen  further  on,  that  the  higher  condition  of  the 
land  where  the  more  highly  manured  roots  were  fed  upon  it  had 
a  very  marked  effect  on  the  succeeding  cereal  crops,  and  espe- 
cially on  the  immediately  succeeding  barley.  This  was  the  case 
on  both  the  superphosphate  and  the  mixed  manure  plots. 

The  difference  of  effect  on  the  average  produce  of  the  root- 
crop,  by  fallowing,  or  by  growing  beans  or  clover,  in  the  third 
year  of  each  course  is,  in  the  comparable  cases,  practically 
immaterial  under  each  of  the  three  different  conditions  as  to 
manuring. 

Before  passing  from  Table  I.  it  is  to  be  observed  that  there 
was  higher  average  produce  over  the  tenth  and  eleventh  courses 
with  superphosphate  and  potash,  soda,  and  magnesia,  than  over 
the  preceding  eight  courses  with  superphosphate  alone.  But,  as 
there  was  also  increase  in  a  greater  degree  with  the  mixed  mineral 
and  nitrogenous  manure  over  the  two  than  over  the  eight  years, 
it  is  obvious  that  the  character  of  the  seasons  had  a  good  deal  to 
do  with  the  result.  It  is  noticeable,  however,  that  on  the  plots 
with  potash,  soda,  and  magnesia,  as  well  as  superphosphate,  in 
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the 'two  coursee,  there  was  a  higher  produce  of  roots  on  the  plots 
where  beans  or  clover  were  grown  than  on  those  that  were  fal- 
lowed ;  a  resQlt  doubtless  due  to  the  increased  growth  of  the 
leguminous  crop  under  the  influence  of  the  potash  manuring,  and 
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to  accumulation  of  nitrogen  in  the  soil  thereby.  It  may  further 
be  observed  (though  not  shown  in  the  Table)  that  in  1 892— that  is 
the  first  year  of  the  twelfth  course — the  produce  of  the  manured 
plots  was  generally  higher  than  in  either  of  the  two  preceding 


Rotation  of  Crops.  1 5 

The  aooompanying  figures  represent  selected  typical  Swedish 
tnmip-planta,  grown  in  1892 — without  manure,  with  the  mixed 
mineral  manure  alone,  and  with  the  mixed  mineral  and  nilao- 
^nons  manure.  Each  plant  was  fixed  upon  a  scaled  back- 
ground and  so  photographed,  and  the  figures  as  given  are  about 
one-twentieth  natural  size,  and  strictly  comparable.  The  quan- 
tities of  produce  recorded  show  that  without  manure  it  was  less, 
bat  that  by  each  of  the  two  descriptions  of  manure  it  was  con- 
siderably more,  than  the  average  of  the  preceding  courses ;  and 
both  the  reversion  to  the  uncultivated  condition  without  manure, 
and  the  increased  growth  under  the  influence  of  each  of  the ' 
manures,  are  strikingly  illustrated,  both  by  the  figures  and  by 
the  amounts  of  produce  given.  Indeed,  the  results  conclusively 
show  how  artificial  a  product  is  the  cultivated  root-crop,  and  how 
dependent  it  is  for  its  successful  growth  on  an  abundant  supply  of 
available  food — ^nitrogenous  as  well  as  mineral — within  the  soil. 

The  Ba/rley  Crops. 

Table  II.  gives  the  produce  of  barley,  the  second  crop  of 
the  course,  and  therefore  always  succeeding  the  roots,  in  each  of 
the  eleven  years  in  which  it  was  grown,  in  precisely  the  same  form 
as  that  of  the  Swedish  t^^unips  recorded  in  Table  I. :  the  upper 
division  giving  the  grain  per  acre,  the  middle  division  the  straw, 
and  the  lower  one  the  total  produce,  grain  and  straw  together. 

As  in  the  case  of  the  root-crops,  so  in  that  of  the  barley,  the 
produce  in  the  first  course  is  excluded  from  the  calculation  of 
the  averages  to  which  reference  will  chiefly  be  made.  Indeed,  the 
results  of  the  first  year  of  barley  confirm  the  conclusion  that  the 
land  was  in  somewhat  high  condition  due  to  recent  accumula- 
tions. The  produce  of  the  tenth  and  eleventh  courses  is  also  ex- 
cluded from  the  averages,  on  account  of  the  change  of  manure  on 
the  superphosphate  plot  for  the  tenth  and  succeeding  courses. 

Referring,  however,  first  to  the  results  of  each  of  the  eleven 
years,  it  is  seen  that,  under  each  condition  of  manuring,  or  other 
treatment,  there  is  very  great  variation  in  the  amount  of  produce 
from  year  to  year,  due  to  variations  in  the  characters  of  the 
seasons.  Thus,  without  manure,  the  average  produce  over  the 
eight  courses  was  about  30  bushels  per  acre,  whilst  in  1857  it 
was  in  each  x^ase  more  than  40  bushels,  and  in  some  considerably 
more ;  but  in  1869  and  in  1873  it  was  not  much  over  20  bushels, 
and  in  the  last  two  courses  considerably  less  than  20.  A  glance 
down  the  columns  recording  the  produce  on  the  manured  plots 
will  show  that  in  their  case  also  there  was  a  wide  range  in 
amount  above  and  below  the  averages,  according  to  season. 

Referring  now  to  the  average  produce  of  the  eight  courses 
(second  to  ninth),  the  first  point  to  notice  is,  that  whilst  the 
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Table  II. — Experiments  on  the  Rotation  of—Roots^  Barley,  Clover  {or  BeOi 
or  Fallow,  and  Wheat ;  in  Agdell  Fields  Rothamsted.  1 1  courses^  44  vm 
1848-1891. 
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assumed  restorative  crop — the  roots — gave  practically  no  pro- 
dace  at  all  vrithont  manure,  the  barley  gave,  on  land  un- 
manured  for  so  many  years,  an  average  of  radier  over  30  bushels 
per  acre.  The  trul^  is  that  the  cultivation  for  the  preceding 
roots  kept  the  land  clean,  and  as  there  was  practically  no  pro- 
duce of  roots,  the  soil  was,  in  point  of  fact,  left  almost  fallow 
for  the  barley  daring  the  winter  preceding  the  roots,  daring  the 
root-crop  period  itself,  and  daring  the  succeeding  winter,  before 
the  sowing  of  the  barley.  There  was,  therefore,  very  good 
preparation  for  the  barley.  It  will  be  seen  further  on  that, 
when  grown  continuously  without  manure,  both  wheat  and 
barley  yield  more  in  proportion  to  their  respective  averages 
under  ordinary  cultivation  than  does  either  of  the  fallow  crops — 
the  roots  or  the  leguminous  crops.  Yet,  the  produce  of  barley 
in  rotation  without  manure  was  much  in  excess  of  that  when  it 
is  grown  continuously;  the  explanation  doubtless  being,  as 
above  referred  to,  that  the  crop  had  been  grown  after  well-cul- 
tivated bare  fallow. 

Next,  it  is  to  be  observed  that,  there  having  been  practically 
no  crop  of  roots  without  manure,  there  was  no  material  differ- 
ence between  the  yield  of  the  succeeding  barley  where  the  roots 
were  carted  off  or  where  they  were  fed  on  the  land. 

Turning  now  to  the  produce  on  the  four  plots  with  super- 
phosphate alone,  it  is  seen  that  whilst  the  average  yield  of 
barley  on  the  two  portions  from  which  the  roots  had  been  carted 
off  was  under  28  bushels,  that  on  the  portions  where  they  had 
been  fed  on  the  land  was,  in  one  case  more  than  35^,  and  in  the 
other  38  bushels.  The  effect,  on  the  one  hand  of  the  removal 
of  the  larger  crop  of  roots,  and  on  the  other  of  the  retention  on 
the  land  of  the  greater  part  of  its  constituents,  is  thus  very  evi- 
dent. It  is  further  to  be  remarked,  that  the  produce  of  barley 
where  the  roots  grown  by  superphosphate  had  been  removed 
from  the  land,  was  even  less  than  on  the  two  corresponding 
portions  of  the  unmanured  plot.  Thus,  there  is  confirmation  of 
the  supposition  that  the  higher  crop  of  barley  without  manure 
was  due  to  the  previous  preparation,  and  conservation  of  con- 
stituents, by  fallow ;  and  that  the  lower  produce  on  the  super- 
phosphate plot  where  the  roots  had  been  removed  was  largely 
due  to  so  much  greater  exhaustion,  especially  of  the  available 
nitrogen,  of  the  surface  soil. 

Kext  it  is  seen  that,  on  the  plots  where  the  mixed  manure 
containing  nitrogen  had  been  applied  for  the  preceding  turnips, 
the  produce  of  barley  was  on  a  much  higher  level ;  and  it  was 
^neh  higher  on  the  portions  where  the  turnips  had  been  fed  on 
the  land  than  on  those  from  which  they  had  been  removed. 
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It  may  be  observed,  that  the  produce,  even  on  the  plots  with 
snperphosphate  alone,  was,  where  the  roots  had  been  fed  on  the 
land,  aboat  the  average  of  the  country  at  large  under  ordinary 
rotation — namely,  from  36  to  38  bushels ;  whilst,  on  the  fuU 
manured  plot,  the  produce  was  much  more  than  this — namely, 
in  one  case  40|,  and  in  the  other  42 1  bushels,  where  the  roots 
had  been  removed ;  and  where  they  had  been  fed  on  the  land,  in 
one  case  48|,  and  in  the  other  47|  bushels. 

Thus,  then,  the  effect  on  the  succeeding  barley  of  the  full 
mineral  and  nitrogenous  manure  applied  for  the  preceding  tur- 
nips is  very  obvious ;  whilst  the  effect,  on  the  one  hand  of  the 
removal  of  the  root-crop,  and  on  the  other  of  the  retention  on 
the  land  of  most  of  its  constituents,  is  also  very  marked.  The 
experimental  results  relating  to  the  second  crop  of  the  course — 
the  barley — so  far  fully  confirm,  therefore,  the  explanations 
which  have  been  given  of  the  beneficial  effects  of  root-crops  grown 
under  the  ordinary  conditions  of  manuring,  on  the  succeeding 
cereal  grown  in  alternation  with  them. 

Examination  of  the  results  relating  to  the  quantities  of  straw, 
and  of  total  produce  (grain  and  straw  together),  as  given  in  the 
middle  and  lower  divisions  of  the  Table,  will  show  that  they  fully 
bear  out  the  general  conclusions  that  have  been  drawn  from  a 
consideration  of  the  produce  of  the  grain  alone. 

The  Leguminous  Crops  [or  Fallow). 

Table  III.  gives  for  the  third  element  of  the  typical  four- 
course  rotation — the  leguminous  crops — the  results  obtained  in 
each  of  the  eleven  years  of  the  forty-four  in  which  they  were 
grown,  in  exactly  the  same  form  as  those  previously  recorded 
for  the  turnips  and  for  the  barley.  But,  as  in  some  of  the  years 
clover,  and  in  others  beans,  were  grown,  the  averages  are  here 
taken,  not  for  the  eight  and  for  the  two  courses,  as  with  the 
other  crops,  but,  respectively,  for  the  four  years  of  the  eleven  in 
which  clover  was  grown,  and  for  the  seven  in  which  beans  were 
grown. 

A  glance  at  the  Table  brings  to  view  some  of  the  difficulties 
connected  with  the  growth  of  these  crops.  Thas,  although  the 
scheme  of  the  four-course  rotation  supposes  the  growth  of  red 
clover  as  the  third  crop  of  each  course,  that  is  once  in  four 
years,  it  has  in  fact  only  been  grown  four  times  in  the  forty-four 
years — namely,  in  the  first,  seventh,  ninth,  and  tenth  courses ; 
and  when  it  failed  beans  were  grown  instead.  It  is,  indeed,  a 
matter  of  general  knowledge  and  experience,  that  it  is  only  on 
a  few  descriptions  of  soil  that  clover  can  be  grown  so  frequently 


Table  III. — Experiments  on  the  Rotation  of-^Eoots,  Barley,  Clover  (or  Beans),  or 
FalloWf  and  Wheat;  in  Agdell  Field,  Rothainsted,  11  cowrses,  44  years,  1848- 
1891. 

8.  CLOVER  (OR  BEANS'),  OR   FALLOW. 


TJnmanored 

Courses  1-9  superphosphate 

only.    Courses  10  and  11 

mixed  mineral  manure 

Mixed  mineral  and 
nitrogenous  manure 

Tears 

Boots  carted 

!  Beans- 
Fallow,     of 

clOVCT 

Roots  fed 

Hoots  carted  { 

Roots  fed 

Roots  carted 

Roots  fea 

Fallow 

Beans 

or 
clover 

Fallow 

Beans 

or 
clover 

Fallow 

Beans 

or 
clover 

Fallow 

Beans 

or 
clover 

1  Bcaiid 
Fallow      or 
1             1  olover 

BEANS  ;  DRESSED  CORN— 18M,  '68,  '62,  '66,  '70,  '78,  and  '90.    (CLOVER,  1850,  74,  '8:%  and  '86.) 


18S0 
1854 
1858 
186S 
1866 
1870 
1874 
1878 
1883 
1886 
1890 

Average  7     ^ 

ro'irses,  beans, 

]h54,  '58,  '62, 

•66,  70,  78, 

and '90 


I  Bush. 

(clover) 

H 

6i 
29 

10 

13.. 
(olover) 

<cIover^ 
(clover) 
7 


111 


Bush. 

Bush. 

(clover) 

(clover) 

'A 

27 

H 

172 

291 

7i 

15d     1 
(clover). 

(clover) 

7| 

n 

(clover^ 
(clover! 

(clover^ 
(clover)' 

_8i 
111 

24g 

13} 

Bush. 

(clover) 

10& 

4 
30 
10 

15» 
(olover 

13J 

(olovcrl 

(clover^ 

24 


16J 


Bush, 
(clover) 

12| 

20| 

34} 
(clover) 

201  I 
(clover  Vi 
(clover)'] 


SOi 


Bush, 
^clover) 

i 

24? 

26^ 
(clover) 

2^ 

(clover^ 

(clover) 


93g 


BEANS  ;  STRAW— 1864,  '68,  '62,  '66,  70,  '78,  and  '90.    (CLOVER,  1850,  '74,  '82,  and  '86.) 


1850 
1854 
1858 
1863 
Io66 
1870 
1874 
1878 
1883 
1886 
1880 

Average  7     "^ 
«>ur»e8.  beans, 
1«54.  '58,  '62, 
•W,  70. 78, 
and '90 


lb.     1 

(clover) 

1,055 

1,100 

1,840 

1,013 

738 

(clover) 

740 
(clover) 
(clover) 
603 


lb. 

lb. 

(clover) 

(clover) 

953 

1,103 

966 

1,156 

1,846 

2,160 

905 

.    978 

710 

768 

(clover^ 

(clover) 

775 

1.045    1 

(clover) 
Xclover) 

(clover) 

(clover)  , 

1      R.H3 

lj764    1 

969 

1,280 

lb. 

(olovei ) 
1,378 
1,320 
2,166 
1,835 
878 

(clover] 
1,350 

(clover' 

(clover^ 
1,630 


1,507 


lb. 

(clover) 
1,355 
1,620 
3,280 
1,990 
1,056 

(clover) 
1,656   I 

(clover) 
clover) 
1.102 


|(' 


1,708 


lb. 

(clover) 
1,605 
1,7UU 
2,945 
2,155 
1,008 

(clover) 
l.MiO 

(clover) 

(clov»'r) 
1,0- «.» 


1,773 


CLOVER  (AS  HAY)-1860,  '74»  '82,  and  '86.    BEANS  (CORN  and  STRAW)- 1864,  '68,  '62,  '66,  '70,  '78,  an.l  '00. 


1850 
1854 
1858 
1863 
1866 
1870 
1874 
1878 
1883 
1886 
1890 

Average? 

""TOa.  beans, 

1«*4,  '58,  '62, 

•W,  '70,  '78, 

and '90, 

Average  4 

«2»je^  clover, 

1«»«.74,'83. 

and '86 


lb. 
(6,440) 


lb. 

(5,920) 

1.446 

1,515 

3,661 

1,689 

1,591 

(2,838) 

1,301 

(2,936) 

■,(1,285) 

'  1.079 


!     lb. 
(7,027) 


1,754 


3,845 


lb. 

(5,413) 
1,367 
1,307 
3,546 
1,486 
1,854 

(2.497) 
1,265 

(2,492) 

(1,305) 
1,197 


1,716 


8,927 


lb. 
(.6,799) 


lb. 

(6,339) 
1,634 
1,606 
4,040 
1,463 
1,778 

(5,093) 
1,667 

(6  700 

(4  925 
3,441 


8,803 


6,768 


lb. 
(6,739) 


lb. 

lb. 

lb.      ' 

(6,580) 

(7,697) 

(6,920) 

3,124 

2,065 

1,895 

2,357 

4.037 

5,990 

3,481 

3,343 

1,867 

2,664 

(6.186) 

(7,904) 

3,241 

3,963 

(7,937) 

(8,883) 

(4.695) 

(3,366) 

.3,269 

2,146 

8,668 

3,076 

6,097 

6,740 

1 

lb. 

(7,375) 


lb. 

(6.753) 

2.5 14 

2,75* 

6,620 

3,7H2 

3,746 

.(7,7(iH) 

I  3,617 

1(9.374) 

(:t.C45) 

I  2.1 96 


3,308 


6,870 


B  2 


20  BotcUion  of  Crops, 

as  every  fourth  year ;  and  in  many  cases  it  is  not  attempted  to 
grow  it  more  than  once  in  eight  years.  The  difficulty  of 
growing  red  clover  or  beans  frequently  on  ordinary  arable  land 
has  been  very  fully  illustrated  in  our  experiments  on  the  growth 
of  leguminous  crops.  On  the  other  hand,  it  has  been  found  that 
red  clover  may  be  grown  for  many  years  in  succession  on  rich 
garden  soil ;  and,  farther,  that  on  ordinary  arable  land  where 
clover  had  entirely  failed,  some  other  Leguminosse,  having  more 
extended  root  range,  or  more  powerful  root  habit,  grew  luxu- 
riantly, and  yielded  large  crops,  containing  large  amounts  of 
nitrogen,  for  a  number  of  years  in  succession.  Lastly,  in  another 
field,  where  beans  had  frequently  failed,  red  clover  was  after- 
wards sown,  and  gave  unusually  large  crops. 

Referring  to  the  results  in  Table  III.,  it  is  seen  that  when 
clover  was  grown  in  1850,  that  is  in  the  first  course,  and  when 
it  had  not  been  grown  on  the  same  land  for  many  years,  large 
crops  were  obtained  on  all  the  plots  ;  though  the  larger  where 
the  mixed  manure  including  potash,  and  also  nitrogen,  had 
been  applied  for  the  root-crop  three  years  previously.  For 
the  second,  third,  and  fourth  courses,  clover  was  sown  with  the 
preceding  barley,  but  in  all  three  it  failed  in  the  winter,  and 
beans  were  grown  instead;  that  is,  in  1854,  1858,  and  1862. 
After  these  reper»t^d  failures,  clover  was  not  sown  for  the  fifth 
and  sixth  courses,  but  beans  were  taken  instead,  in  1866  and 
in  1870.  In  the  seventh  course,  clover  was  sown  again,  with 
the  barley,  and  ga7e  three  cuttings  in  1874 ;  that  is,  twenty-four 
years  since  the  last  good  crop.  Without  manure,  the  produce 
was,  however,  not  much  more  than  one  ton  per  acre;  with 
superphosphate  it  was  much  more ;  and  with  the  mixed  manure, 
including  potash,  much  more  still — corresponding  to  about 
3^  tons  of  clover  hay.  For  the  eighth  course  clover  was  not 
sown,  but  beans  were  taken  in  1878.  For  the  ninth  and  tenth 
courses,  however,  clover  was  again  sown,  yielding  in  the  ninth 
(1882)  even  more  than  in  1874 ;  but  in  the  tenth  (1886)  very 
much  smaller  crops,  though  more  with  mineral  manure  alone, 
now  including  potash,  than  with  the  mixed  manure  containing 
nitrogen  also.  Lastly,  for  the  eleventh  course,  clover  was  again 
sown  with  the  barley,  but  failed,  and  in  1890  beans  were  grown 
instead ;  the  crops,  as  in  the  case  of  the  clover  in  the  tenth 
course,  being  greater  with  mineral  manure  alone  (now  including 
potash)  than  with  the  mixed  manure  containing  nitrogen 
also. 

Thus,  in  only  four  out  of  the  eleven  years  in  which  clover 
should  have  been  grown,  was  any  crop  obtained,  and  beans  had 
to  be  taken  in  the  other  seven.     The  produce  of  clover  is  given 
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m  the  lower  division  of  the  Table,  side  by  side  with  the  total 
prodace  (corn  and  straw)  of  the  beans ;  and  the  results  for  the 
clover  are  entered  in  parentheses. 

Briefly  to  summarise  the  results  given  in  the  Table,  it  may 
be  stated  that  the  average  produce  of  clover,  reckoned  as  hay, 
was,  without  manure,  rather  over  3,000  lb.;  with  the  super- 
phosphate (in  the  last  year  with  potash,  soda,  and  magnesia 
also)  nearly  6,000  lb. ;  and  with  the  mineral  and  nitrogenous 
manures  together  for  each  course,  about  6,800  lb.  With  the 
mineral  manure  alone,  therefore,  there  was  about  twice  as 
much,  and  with  the  mineral  and  nitrogenous  manures  together, 
considerably  more  than  twice  as  much,  as  without  manure. 
Compared  with  these  amounts  of  clover  reckoned  as  hay,  the 
seven  bean  crops  (corn  and  straw  together)  gave  an  average 
of  about  1,700  lb.  without  manure,  of  nearly  2,400  lb.  with 
mineral  manure  alone,  and  about  3,200  lb.  with  the  mineral  and 
nitrogenous  manures  together. 

Not  only,  therefore,  was  the  average  produce  of  the  bean 
crop  very  much  less  than  that  of  the  clover,  but  in  point  of  fact 
it  was  only  in  one  year,  1862,  that  anything  like  a  really  good 
crop  of  beans  was  obtained.  It  may  be  added,  though  the 
point  will  be  further  illustrated  presently,  that  the  crops  of  the 
four  years  of  clover  contained,  even  without  manure,  about  as 
much  nitrogen  as,  and  with  each  of  the  two  manures  considerably 
more  than,  those  of  the  seven  years  of  beans.  In  fact,  the 
average  produce  of  the  bean  crop,  and  of  nitrogen  in  it,  was 
very  much  less  than  in  the  case  of  tlie  clover.  Nevertheless, 
even  the  average  yield  of  nitrogen  was  much  more  in  the  beans 
than  in  either  of  the  cereals  with  which  they  were  grown  in 
alternation.  Thus,  without  manure,  the  four  clover  crops  gave 
an  average  of  60*2  lb.  of  nitrogen  per  acre,  and  the  seven  bean 
crops  34*9  lb. ;  but  over  the  eleven  courses  the  barley  gave  an 
average  of  only  280  lb.,  and  the  wheat  of  only  31-7  lb.  With 
mineral  manure  alone,  the  average  yield  of  nitrogen  was,  in 
the  clover  119*2  lb.,  in  the  beans  49*2  lb.,  in  the  barley  only 
27-7  lb.,  and  in  the  wheat  only  393  lb.  Lastly,  with  mineral 
and  nitrogenous  manure  together,  the  clover  gave  an  average 
yield  of  nitrogen  of  134*6  lb.,  the  beans  of  64*1  lb.,  the  barley 
41-2  lb.,  and  the  wheat  435  lb.  There  can,  indeed,  be  no  doubt, 
that  the  leguminous  crops,  and  especially  the  clover,  growing 
on  land  in  the  same  condition,  and  similarly  manured,  have  the 
power  of  taking  up  much  more  nitrogen  over  a  given  area  from 
some  source,  than  the  cereals  with  which  they  are  interpolated  ; 
and  that  the  beneficial  effects  of  the  growth  of  such  crops  in  rota^ 
tion  with  the  cereals  are  intimately  connected  with  this  capability. 
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Before  passing  from  the  results  in  Table  III.  it  may  be 
observed  that,  both  with  mineral  manure  alone,  and  with 
mineral  and  nitrogenous  manure  together,  there  is  rather  more 
producje,  both  of  the  clover  and  of  the  bean  crop,  where  the 
roots  had  been  fed  upon  the  land,  than  where  they  had  been 
carted  off ;  that  is  the  higher  the  condition  of  the  land.  Thus, 
then,  the  effects  of  the  treatment  of  the  first  crop  of  the  course 
— the  roots — on  the  produce  of  the  third  or  leguminous  crop  are 
clearly  shown. 

As  already  referred  to,  in  the  second  and  subsequent  courses, 
when  the  third  year  came  round  each  plot  was  divided,  clover 
or  beans  being  grown  on  one  half,  and  the  other  half  lefb  fallow. 
We  have,  therefore,  the  means  of  comparing  the  effects  on  the 
other  crops  of  the  rotation — of  fallow  on  the  one  hand,  which 
of  course  removes  nothing  (though  there  may  be  the  more  loss 
by  drainage),  and  of  growing  beans  or  clover  on  the  other,  a 
characteristic  of  which  is  the  assimilation,  and  consequently 
the  removal  in  the  crops,  especially  of  large  amounts  of  nitrogen, 
but  of  other  constituents  also;  at  the  same  time,  however, 
leaving  in  the  land  more  or  less  of  nitrogenous  crop-residue. 
Such  a  comparison  obviously  has  a  special  interest,  since  it  is 
chiefly  as  a  substitute  for  fallow  that  the  growth  of  leguminous 
crops  has  been  introduced  into  our  rotations. 

Tlie  Wheat  Crops. 

Table  IV*  records  the  results  obtained  with  the  fourth  element 
of  the  rotation — ^the  wheat — exactly  in  the  same  form  as  in  the 
case  of  the  other  crops. 

Looking  first  to  the  figures  relating  to  the  individual  years, 
it  is  seen  that,  under  each  condition  of  manuring  or  other 
treatment,  there  is  an  enormous  variation  in  the  amoant  of 
produce  in  the  different  years,  according  to  the  seasons.  Thus, 
taking  for  illustration  the  results  in  the  first  column  under  each 
of  the  three  main  conditions  as  to  manuring,  that  is  where  the 
roots  were  carted  from  the  land,  and  where  in  the  third  year 
of  the  course  it  was  left  fallow,  there  was,  without  manure,  only 
10|^  bushels  of  wheat  in  1879,  but  45  bushels  in  1863  ;  on  the 
superphosphate  plot  there  was  in  1879  only  14|  bushels,  and 
46  bushels  in  1863;  and  on  the  mixed  manure  plot  only  12| 
bushels  in  1879,  but  52f  bushels  in  1863.  Or,  comparing  the 
quantities  of  total  produce,  com  and  straw  together,  which  more 
directly  represent  the  amounts  of  growth,  we  have,  on  the  same 
plots,  without  manure,  2,162  lb.  per  acre  in  1879,  and  7,446  lb. 
in  1863;  on  the  superphosphate  plot  2,905  lb.  in  1879,  and 
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Tablb  IV. — Experiments  on  the  Rotation  o/— Moots,  BarUy,  Clover  {or  Beans),  or 
FallotD,  and  Wheat,-  in  Agdell  Field,  Rothartuted.  11  eoitrsea,  41  years, 
1«48-1891. 
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7,626  lb.  in  1863 ;  and  lastly,  on  the  mixed  mannre  plot,  only 
2,478  lb.  in  1879,  but  8,837  lb.  in  1863. 

The  cases  cited  are  those  of  the  most  extreme  fluctnations 
due  to  season ;  but  a  glance  at  the  columns  will  show  that  there 
were  very  considerable  variations  in  other  years,  under  each 
condition  as  to  manuring,  or  other  treatment;  whilst  the 
amounts  of  the  variations  differ  more  or  less  under  the  different 
soil  conditions.  It  will  be  obvious,  therefore,  that  if  we  would 
fairly  compare  with  one  another  the  effects  of  the  varying  con- 
ditions, it  is  important  to  take  the  average  results  of  a  sufficient 
number  of  years  to  eliminate  the  influence  of  the  varying 
seasons.  Most  of  our  illustrations  will,  therefore,  be  drawn 
from  the  average  results  over  the  eight  years  of  wheat  in  the 
second  to  the  ninth  courses ;  but  some  reference  will  also  be 
made  to  the  averages  for  the  tenth  and  eleventh  courses. 

Let  us  first  compare  the  average  amounts  of  produce  of 
grain  under  the  three  main  conditions  as  to  manuring, 
excluding,  however,  those  obtained  on  the  portion  of  the  un- 
manured  plot  where  the  roots  were  fed  on  the  land,  and  where 
beans  or  clover  were  grown  in  the  third  year  of  each  course ; 
as  the  crops,  especially  of  the  barley  and  of  the  wheat,  were 
somewhat  adversely  affected  by  a  dell  on  one  side  of  the  plot, 
the  surface  soil  being  in  consequence  comparatively  shallow. 
The  figures  show  that,  on  the  three  portions,  the  produce  ranged, 
without  manure,  from  26  to  28^  bushels ;  with  superphos- 
phate from  28^  to  31| ;  and  with  the  mixed  manure  from  30  J 
to  33^  bushels.  Or,  taking  the  amounts  of  total  produce 
(grain  and  straw  together),  the  range  of  amounts  is — without 
manure  from  4,407  to  4,976  lb. ;  with  superphosphate  from 
4,841  to  5,658  lb. ;  and  with  the  mixed  manure  from  5,808  to 
5,932  lb.  There  is,  therefore,  both  in  grain  and  in  total 
produce  of  the  fourth  crop  of  the  course,  an  obvious  difference, 
but  certainly  less  than  might  have  been  expected,  due  to  the 
varying  conditions  as  to  manuring  in  the  first  year,  sepa- 
rated from  the  fourth  by  the  growth  and  removal  of  the  inter- 
mediate crops. 

Next,  comparing  the  effects  on  the  fourth  crop— the  wheat — 
of  the  removal  of  the  first — ^the  turnips — or  the  retention  of 
them,  or  of  most  of  their  constituents,  on  the  land,  it  is  seen 
that  without  manure,  under  which  conditions  there  were  prac- 
tically no  roots  grown,  the  difference  of  result  from  removal  or 
otherwise  is  quite  immaterial,  and  is  probably  accidental. 
With  superphosphate  alone,  and  more  roots  grown,  the  nitro- 
gen of  which  was  doubtless  obtained  from  previous  accumula- 
tions  within   the   soil,   the   removal   or  the  retention  on  the 
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land  of  the  constitnents  of  the  turnips  should,  therefore,  more 
materially  affect  the  condition  of  the  soil  for  the  growth  of 
the  sacceeding  crops.  It  was  shown  that  the  effect  was 
very  marked  on  the  barley  which  immediately  succeeded  the 
roots.  There  was  also  somewhat  less  produce,  both  of  clover 
and  of  beans,  where  the  roots  had  been  removed;  and  now, 
in  the  case  of  the  fourth  crop — the  wheat — ^there  is  still 
distinct  effect.  Thus,  taking  the  fallow  portions,  there  was  an 
average  of  80|  bushels  of  wheat  where  the  roots  had  been  re- 
moved, and  31|  bushels  where  they  were  fed  or  retained  on 
the  land;  the  correspouding  amounts  of  total  produce  being 
5,348  lb.  and  5,658  lb.  Or,  taking  the  produce  on  the  bean 
and  clover  portions,  there  were  28^  bushels  of  grain  where  the 
roots  had  been  removed,  and  31 1  bushels  where  they  had  not 
been  removed;  the  corresponding  amounts  of  total  produce 
being  4,841  lb.  and  5,307  lb.  Lastly,  with  the  mixed  manure, 
including  nitrogen,  the  average  produce  was,  on  the  fallow 
portions,  31^  bushels  after  the  removal  of  the  roots,  but  only 
30^  where  they  had  not  been  removed ;  the  amounts  of  total 
produce  being,  however,  5,808  lb.  and  5,883  lb.  On  the  bean 
or  clover  portions,  the  results  were  32f  bushels  where  the  roots 
were  carted,  and  33  J  bushels  where  they  were  not  removed  ;  and 
the  amounts  of  total  produce  were  5,847  and  5,932  lb. 

Reference  to  the  average  produce  of  the  last  two  cours^, 
the  tenth  and  eleventh,  the  wheat  years  of  which  were  of  more 
than  average  productiveness,  shows,  in  the  case  of  the  manured 
plots,  more  striking  difference  in  the  amount  of  the  fourth  crop 
due  to  the  removal  or  the  retention  on  the  land  of  the  constitu- 
ents of  the  first  crop— the  roots.  The  roots  of  those  courses  were, 
however,  more  than  average  in  amount. 

The  results,  both  with  superphosphate  alone,  and  with  the 
mixed  manure,  afford,  therefore,  distinct  evidence  of  the  effect 
of  the  removal  or  otherwise  of  the  first  crop  of  the  course — ^the 
turnips — ^not  only  on  the  second  and  third  crops,  but  on  the 
fourth  crop — the  wheat — also. 

The  next  point  is  to  illustrate  the  difference  of  effect  on  the 
other  crops  of  the  rotation,  on  the  one  hand  of  the  growth  and 
removal  of  the  highly  nitrogenous  leguminous  crop,  and  on  the 
other  of  fallowing  which  removes  nothing ;  and  first  as  to  the 
wheat,  which  we  are  now  specially  considering,  and  which 
immediately  succeeds  the  leguminous  crop  or  the  fallow. 

A  careful  examination  of  the  average  results  over  the  eight 
courses  (second  to  ninth)  will  show  that,  both  without  manure, 
and  with  superphosphate  alone,  that  is  under  conditions  of  ex- 
haustion, especially  of  available  nitrogen,  the  wheat  crops  wf'.re 
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in  every  case  higher  after  fallow,  with  its  supposed  accamnlation, 
than  after  the  legaminoas  crops,  which  removed  much  more 
nitrogen  than  the  succeeding  wheat  would  require.  On  the  other 
hand,  on  the  mixed  manure  plots,  where  the  condition  of  the  land, 
and  especially  its  nitrogenous  condition,  was  not  exhausted,  but 
fairly  maintained,  there  was  even  rather  more  average  produce 
of  wheat  after  the  removal  of  the  highly  nitrogenous  leguminous 
crops  than  after  the  accumulations  of  the  fallow. 

It  is  unsafe  to  form  general  conclusions  from  the  results  of 
individual  years,  since  the  characters  of  the  seasons  may  have 
80  much  influence.  But  it  may  be  observed  that,  after  the 
heavy  crops  of  clover  on  the  superphosphate  plots  in  1 882,  and 
more  where  the  roots  were  fed  than  where  they  had  been  re- 
moved, the  wheat  crops  of  the  next  year,  1883,  which  were 
higher  than  average,  were  lower  after  the  leguminous  crop  than 
after  fallow;  whilst,  on  the  highly  manured  plot,  they  were  mnch 
the  higher  after  the  leguminous  crop.  In  liie  tenth  course, 
however,  after  the  use  of  potash  as  well  as  superphosphate, 
there  were  fair  but  by  no  means  such  heavy  crops  of  clover  as 
in  the  very  favourable  season  of  the  preceding  course,  and  there 
was  less  where  there  had  then  been  the  larger  crop ;  and  in  the 
eleventh  course  also,  there  was  less  total  produce  of  beans  where 
the  heavier  crop  of  clover  had  been  grown  in  the  ninth  course. 
The  result  was,  that  on  the  average  of  the  last  two  courses,  the 
wheat  gave  less  instead  of  more  total  produce  after  fallow  than 
after  the  leguminous  crops ;  but  more  where  the  roots  had  been 
fed  than  where  they  had  been  carted ;  that  is,  more  where  the 
land  was  the  less  exhausted. 

The  general  result  is,  that  where  there  was  not  exhaustion, 
bat  accumulation  due  to  manure  and  to  increased  crop  residue, 
the  growth  and  removal  of  the  leguminous  crops  not  only  gave 
large  amounts  of  nitrogen  in  the  removed  crops,  whilst  the  fal- 
low yielded  none,  but  also  left  more  available  nitrogen  for  the 
succeeding  wheat  than  was  rendered  available  (and  remained) 
from  the  resources  of  the  soil  after  the  fallow.  In  other  words, 
not  only  were  the  nitro&ren  and  other  constituents  obtained  in 
the  legaminous  crops  an  entii«  gain  compared  with  the  result 
of  fallow,  but,  on  the  average  of  years,  a  somewhat  larger  suc- 
ceeding wheat  crop  was  obtained  as  well. 

Here,  then,  is  a  striking  illustration  of  the  advantages  of 
the  interpolation  of  leguminous  crops  instead  of  fallow  with  the 
cereals  in  our  rotations ;  and  it  is  seen  that  the  benefit  may  be  the 
greater  if  the  land  be  not  abnormally  exhausted,  as  was  the  case 
on  the  continuously  unmanured,  and  on  the  superphosphate  plots. 

Although  there  was  thus  great  difference  between  the  effects. 
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on  the  one  hand,  of  the  growth  and  removal  of  a  legnminous 
crop,  and  on  the  other  of  fallow,  so  &r  as  the  third  year  of  the 
coarse  is  concerned ;  yet,  where  the  manurial  conditions  were 
not  defective,  there  was  even  more  wheat  succeeding  the  legn- 
minous  crop,  than  succeeding  the  &llow.  The  influence  of  the 
conditions  of  the  third  year  of  the  course  does  not,  however, 
seem  to  extend  in  any  marked  degree  to  the  crops  succeeding 
the  wheat ;  that  is,  to  the  roots  commencing  the  next  course, 
and  to  the  barley  succeeding  the  roots. 

So  far  as  the  roots  are  concerned,  the  average  results  over 
the  eight  courses  show,  both  without  manure  and  with  super- 
phosphate alone,  that  is  on  the  most  exhausted  plots,  that  the 
advantage,  if  any,  is  more  with  the  fallow  than  with  the  legu- 
minous plots ;  whilst,  with  the  full  manure,  there  is  scarcely  any 
difference  of  result  clearly  traceable  to  the  treatment  of  the  land 
in  the  third  year  of  the  preceding  courses.  Over  the  last  two 
courses,  again,  without  manure  no  benefit  accrued  to  the  root-crop 
by  the  growth  of  the  leguminous  crop  as  compared  with  fallow. 
On  the  superphosphate  plots,  however,  now  with  potash,  soda, 
and  magnesia,  as  well,  and  doubtless  more  leguminous  produce 
accordingly,  there  were  more  roots  on  the  leguminous  than  on 
the  fallow  plots ;  but,  with  the  full  manure,  there  was  practically 
no  difference  in  the  produce  of  roots  on  the  fallow  compared 
with  the  leguminous  crop  plots.  Obviously,  the  fact  that  there 
was  not  materially  less  produce  of  roots  where  the  leguminous 
crops  had  been  grown  and  removed,  as  compared  with  where 
the  land  had  been  fallow,  is  of  itself  evidence  of  the  beneficial 
rather  than  exhausting  effect  of  their  growth  and  removal,  so  far 
as  the  requirements  of  the  succeeding  crops  are  concerned. 

Nor  is  the  effect  of  the  growth  and  removal  of  a  leguminous 
crop,  compared  with  fallow,  very  definite  on  the  barley  succeed- 
ing the  manured  roots.  It  is,  however,  over  the  eight  courses, 
in  favour  of  the  growth  of  the  leguminous  crops ;  and,  though 
with  very  small  crops,  it  is,  excepting  without  manure,  much 
more  so  over  the  last  two  courses. 

From  the  results  as  a  whole  it  maybe  concluded  that,  where 
the  land  was  the  most  exhausted,  the  growth  of  the  leguminous 
crop  was  correspondingly  limited,  and,  being  at  the  expense  of 
the  little'  accumulation  that  there  was,  its  removal  further  ex- 
hausted the  immediately  available  supplies ;  whilst,  where  the 
accumulations  were  greater,  the  growth  was  dependent  on  a 
more  extended  root-development,  and  therefore  greater  range 
of  collection ;  the  luxuriance  was  much  greater,  and  the  surface- 
soil  at  any  rate  gained  by  an  increased  amount  of  highly  nitro- 
genous leguminous  crop-residue.    It  has  further  been  seen,  that 


28  Botation  of  Crops. 

the  effects  of  the  manaring  and  treatment  of  the  first  crop  of 
the  course — ^the  tnmips — were  manifest  in  the  produce  of  the 
fourth  crop — ^the  wheat ;  and  also  that  the  effects  of  fallowing, 
or  of  growing  and  removing  a  highly  nitrogenous  crop,  in  the 
third  year,  were  clearly  traceable  on  the  crop  of  the  fourth  year, 
and  to  some  extent,  though  in  a  much  less  degree,  on  the  subse- 
quent crops  commencing  the  next  course. 

The  Amounts  of  Produce  grown  in  Rotation,  and  in 

THE  VARIOUS   CrOPS  GROWN  CONTINUOUSLY. 

Obviously,  when  considering  what  are  the  benefits  arising 
from  rotation  as  distinguished  from  the  growth  of  the  individual 
crops  continuously,  it  is  desirable,  as  far  as  practicable,  to  com- 
pare the  results  of  the  two  methods  in  regard  to  their  yield  per 
acre  of  some  of  the  more  important  constituents  of  the  crops. 
For  the  purposes  of  such  a  comparison,  it  will  be  of  interest  to 
illustrate  the  point  by  reference  specially  to  the  amounts  of  dry 
matter,  nitrogen,  total  mineral  matter  (ash),  phosphoHc  acid,  and 
potash  (and  in  some  cases  of  lime),  in  the  crops  grown  in  rota- 
tion, and  in  those  grown  continuously,  under  as  far  as  possible 
parallel  conditions  as  to  manuring.  Accordingly,  so  far  as  results 
obtained  under  rotation  are  concerned,  the  amounts  of  each  of 
the  above  constituents  are  calculated  in  the  produce  per  acre  of 
the  respective  crops,  in  each  of  the  eight  courses  (second  to 
ninth),  under  each  of  the  twelve  different  conditions  as  to  manur- 
ing, or  other  treatment ;  and  the  average  amounts  of  these  per 
acre  per  annum  are  compared  with  those  in  the  individual  crops 
grown  continuously,  as  a  rule,  in  the  same  seasons  as  those  in 
which  the  rotation  crops  were  obtained,  and  under  the  same,  or 
nearly  parallel,  conditions  as  to  manuring.* 

The  Amounts  of  Dry  Matter  produced  in  the  Botation,  and  in 

the  Continuous  Crops, 

Table  V.  shows  the  average  annual  amount  of  dry  matter 
produced  per  acre,  in  each  of  the  four  crops — roots,  barley,  legu- 
minous crop,  and  wheat — grown  in  rotation,  and  continuously,  as 
above  described.  It  shows  the  amounts,  separately  in  the  roots, 
leaves,  and  total  produce,  of  the  turnips ;  in  the  grain^  straw,  and 

'  The  amounts  of  the  constituents  removed  per  acre  in  the  rotation  crops 
are  calculated  from  the  results  of  actual  analyses ;  and  in  the  case  of  the  con- 
tinuously grown  crops  the  amounts  of  dry  matter  and  ash,  and  sometimes  those 
of  nitrogen,  are  also  calculated  from  direct  determinations ;  but  generaUy  the 
nitrogen,  and  always  the  phosphoric  acid,  potash,  and  lime,  are  calculated 
from  the  percentage  composition  of  the  rotation  crops  grown  under  parallel 
conditions  as  to  manuring. 
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Table  V. — Bxperiments  on  the  Rotation  of— Roots,  Barley,  Clover  (or 
Beans),  or  FaMow,  and  Wheat;  in  AgdeU  Field,  Bothamsted.     8  courses, 

32  years,  1852-1883. 

fAVEBAOB  AMOUNTS  OP  DRF  MATTER  PER  ACRE  PER  ANNUM,  GROWN  IN  ROTATION. 
COMPARED  WITH  THOSE  IN  THE  CROPS  GROWN  CONTINUOUSLY. 
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total  prodace,  of  the  barley,  and  of  the  wheat ;  in  the  com,  straw, 
and  total  produce,  of  the  beans  ;  and  in  the  clover.  It  will  be 
seen  that  the  arrangement  and  headings  of  the  columns  are  ex- 
actly the  same  as  in  the  Tables  of  produce  already  considered ; 
and  that,  for  each  description  of  crop,  or  part  of  the  crop,  the 
first  line  shows  the  amounts  obtained  under  rotation,  the  second 
those  in  the  crop  grown  continuously,  and  the  third  the  differ- 
ence between  the  two. 

The  Dry  Matter  in  the  Twmip  Crops. — Referring  first  to  the 
upper  division  of  the  Table,  relating  to  the  Swedish  turnips,  it 
should  be  stated  that  results  for  the  crops  grown  continuously 
are  not  available  for  the  same  eight  years  as  those  grown  in  ro- 
tation ;  but  for  each  of  the  three  conditions  as  to  manuring,  the 
average  for  19  years  of  growth  is  taken.  So  far  as  manuring  is 
concerned,  the  unmanured  and  the  superphosphate  conditions 
were  the  same  for  the  rotation  and  for  the  continuous  crops. 
But,  in  the  case  of  the  mixed  manure,  the  rotation  plots  received 
a  larger  amount  of  nitrogen  for  the  roots ;  in  fact,  enough  to  carry 
the  four  crops  of  the  course.  The  continuous  plot,  on  the  other 
hand,  received  a  less  amount  each  year ;  but,  unlike  the  rotation 
plots,  with  no  intermediate  crops  to  use  up  any  available  residue 
from  the  previous  application. 

The  figures  show  that — without  manure — ^the  difference  in 
the  amounts  of  dry  matter  produced  in  rotation  and  in  continu- 
ous growth  are  immaterial.  The  utter  failure  in  both  cases 
without  manure  is  confirmatory  of  the  absolute  dependence  of 
this  valuable  rotation  crop  on  supplies  within  the  soil  itself, 
either  from  accumulations,  or  from  direct  manuring. 

The  less  produce  of  the  continuous  than  of  the  rotation  crops 
with  superphosphate  is  also  quite  consistent  with  the  supposi- 
tion that,  under  such  conditions,  the  crop  greatly  exhausts  the 
available  nitrogen  of  the  soil,  and  especially  of  the  surface  soil. 

With  the  mixed  mineral  and  nitrogenous  manure,  again,  there 
is  also  considerably  less  production  of  dry  substance  when  the 
crop  is  grown  continuously  than  when  it  is  grown  in  rotation. 
The  result  is,  however,  due  partly  to  the  larger  amount  of  nitro- 
gen directly  supplied  by  manure  to  the  rotation  crops  as  above 
referred  to,  but  partly  to  the  fact  that  when  the  same  description 
of  root-crop,  with  the  same  character  and  range  of  roots,  is 
grown  year  after  year  on  the  same  land,  the  surface-soil  be- 
comes close,  and  a  somewhat  impervious  pan  is  formed  below  ; 
conditions  which  are  very  unfavourable  for  a  crop  which  pre- 
eminently requires  a  good  tilth  for  great  development  of  fibrous 
root  within  the  soil.  The  results  with  the  mixed  manure  are,  of 
course,  the  most  comparable  with  those  of  ordinary  practice ; 
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and  it  is  clear  that,  however  explained,  much  more  produce 
is  obtained  under  rotation  than  with  continuous  growth.  It 
need  only  further  be  remarked  that,  of  the  total  dry  matter 
produced,  there  are  many  times  as  much  in  the  edible  root  as  in 
the  leaf  which  almost  wholly  remains  only  for  manure  again. 

The  Dry  Matter  in  the  Barley  Crops. — ^The  second  division  of 
Table  Y.  compares  the  amounts  of  dry  matter  yielded  in  bcurley, 
grown,  respectively,  in  rotation,  and  continuously — that  is,  year 
after  year  on  the  same  land.  The  results  for  the  continuously 
grown  cropsrelate  to  the  average  produce  of  the  same  eightseasons 
as  those  in  which  the  rotation  crops  were  obtained.  Theunmanured 
and  the  superphosphate  conditions  were  also  quite  parallel  in 
the  two  series  of  experiments.  In  the  case  of  the  mixed  manure 
results,  it  should  be  borne  in  mind  that  in  the  rotation  experi- 
ments a  quantity  of  manure  was  applied  for  the  preceding  crop — 
the  turnips — which  is  supposed  to  carry  the  whole  of  the  crops  of 
the  four  years'  course ;  whilst,  in  the  continuous  experiments, 
the  quantity  of  nitrogen,  for  example,  which  is  applied  each  year 
for  the  immediate  crop,  amounts  to  rather  more  than  one-fourth 
of  that  applied  for  four  years  in  the  rotation  experiments. 

The  figures  show  that — without  manure — there  was  much  less 
dry  matter  in  grain,  straw,  and  total  produce,  in  the  crops  grown 
continuously  than  in  those  grown  in  rotation ;  in  fact,  in  the 
total  produce  only  about  three-fifths  as  much.  The  much  higher 
amount  under  rotation  is  quite  consistent  with  the  explanation 
that  in  the  rotation  experiments  without  manure,  the  roots 
having  failed,  the  barley  crop  had,  in  point  of  fact,  the  benefit  of 
the  preparation  which  bare  fallow  is  known  to  confer. 

With  superphosphate  alone,  the  continuously  grown  barley 
crops  yielded  more  dry  matter  in  grain,  straw,  and  in  total  pro- 
duce, than  those  without  manure  ;  the  excess  being  largely  due 
to  increased  capability  of  utilising  the  available  nitrogen  of  the 
surface  soil,  under  the  influence  of  the  phosphatic  manure.  Both 
sets  of  the  superphosphate  rotation  crops  yielded  more  dry  matter 
than  the  continuous  ones,  the  excess  being,  however,  much  less 
where  the  rotation  roots  had  been  removed  than  where  they  had 
been  consumed  or  spread  upon  the  land.  The  effect  of  the  growth 
and  accumulation  by  the  previous  root-crop,  and  of  the  more  or 
less  available  manurial  residue  left  under  the  different  conditions, 
as  compared  with  the  result  when  the  barley  is  grown  year  afcer 
year  on  the  same  land,  is  thus  very  evident. 

As  already  said,  the  amount  of  nitrogen  annually  applied  on 
the  mixed  manure  plot  was,  for  the  continuous  crops,  somewhat 
more  than  one-fourth  of  that  applied  for  the  preceding  root-crops 
in  the  case  of  the  rotation  plots.     Under  tiiese  circumstances, 
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the  amoimts  of  dry  matter  in  grain,  straw,  and  total  produce,  were 
considerably  less  in  the  barley  grown  in  rotation  where  the  roots 
and  leaves  of  the  turnips  had  been  removed  than. in  that  grown 
continuously ;  but  where  in  the  case  of  the  rotation  barley  the  root- 
crops  had  been  consumed  or  spread  upon  the  land,  the  average 
yield  of  dry  matter  per  acre  was  much  more  nearly  identical  under 
rotation  and  under  continuous  cropping ;  though  upon  the  whole 
it  was  more  under  rotation.  The  effects  on  the  second  crop  of  the 
course,  of  the  manurial  and  other  treatment  of  the  first  crop,  are 
here,  then,  further  illustrated.  Lastly,  it  is  to  be  observed,  that 
a  larger  proportion  of  the  total  dry  matter  of  the  crop  is,  on  the 
average,  accumulated  in  the  straw  which  is  generally  retained  on 
the  farm,  than  in  the  grain  which  is,  as  a  rule,  exported  from  it. 

Thus,  both  the  actual  and  the  comparative  results  clearly 
show,  that  the  successful  growth  of  the  barley  was  directly 
dependent  on  the  supplies  within  the  soil,  and  that  the  object 
may  be  gained,  either  in  a  properly  manured  rotation,  or  by  the 
direct  application  of  suitable  manures,  including  a  liberal  supply 
of  nitrogen  for  the  immediate  crop.  Having  regard  to  the 
general  economy  of  the  farm,  the  former  plan  is  as  a  rule  the 
most  advantageous ;  though,  owing  to  the  success  with  which 
the  crop  can  be  grown  by  direct  artificial  manures,  such  manures 
are  often  used  as  supplements ;  or,  sometimes,  a  barley  crop  is 
taken  after  another  cereal,  by  the  aid  of  artificial  manures  alone. 

The  Dry  Matter  in  the  Legumirums  Crops, — The  third  division 
of  the  Table  (V.)  shows  the  average  amounts  of  dry  matter  per 
acre  per  annum  in  the  corn,  straw,  and  total  produce,  of  the  six 
crops  of  beans  grown  in  rotation  in  the  eight  years ;  also  the 
average  amounts  in  the  same  six  years  when  the  crop  was  grown 
continuously  in  another  field.  Below  the  bean  results  are  given 
the  average  amounts  per  acre  per  annum  in  the  clover  grown  in 
rotation  in  the  remaining  two  of  the  eight  years  ;  and  there  are 
also  given  the  average  amounts  over  the  eight  years,  in  the  six 
crops  of  beans  and  two  of  clover.  It  will  be  seen,  however,  that 
there  is  no  entry  in  the  line  for  continuous  crops  of  clover,  for  the 
simple  reason  that,  as  has  been  shown  in  various  papers,  it  was  found 
impossible  to  grow  clover  year  afber  year  on  ordinary  arable  land. 

The  figures  show  that,  meagre  as  was  the  average  produce  of 
dry  matter  in  the  crops  of  beans,  even  when  grown  in  rotation, 
they  were  much  less  still  when  grown  continuously.  •  This  was 
the  case  whether  we  look  to  the  amounts  in  the  com,  the  straw, 
or  the  total  produce.  Indeed,  the  lines  of  total  produce  show 
that  the  average  amounts  in  the  continuously  grown  crops  were, 
under  each  condition  of  manuring  or  other  treatment,  less  than 
half  as  much  as  those  grown  in  rotation.     In  both  cases,  there 
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was  somewhat  more  with  superphosphate  than  withont  manure, 
and  more  still  with  the  mixed  manure,  including  both  potash 
and  nitrogen,  but  even  under  these  conditions,  and  in  rotation, 
the  produce  was  very  small. 

Under  each  condition  as  to  manuring,  the  produce  of  dry 
matter  in  the  clover  grown  in  rotation  was  more,  and  in  some 
very  much  more,  than  in  the  beans  so  grown.  Without  manure, 
it  averaged  only  about  1  ton  per  acre  per  annum  ;  with  super- 
phosphate, in  one  case  more  than  2,  and  in  the  other  more  than 
2^  tons ;  and  in  each  with  the  full  manure,  including  potash  and 
nitrogen,  more  than  3  tons. 

Lastly,  the  average  production  of  dry  substance  in  the  six 
crops  of  beans  and  two  of  clover  taken  together  was — without 
manure  only  about  f  ton  ;  with  superphosphate,  in  one  case 
little  more  than  1  ton,  and  in  the  other  rather  more  than  1^  ton  ; 
and,  with  the  mixed  manure,  in  both  cases  less  than  1|  ton. 
These  amounts  in  the  leguminous  crops  with  the  mixed  manure 
were,  however,  greater  than  those  obtained  in  the  turnip  crops, 
but  less  than  those  in  either  the  barley  or  the  wheat  grown  in 
rotation.  The  significance  of  the  amounts  grown  in  the  legu- 
minous crops  will,  however,  be  the  more  clearly  recognised 
when  we  come  to  consider  the  quantities  of  nitrogen  in  the 
different  crops ;  and  also  the  fact  of  the  large  proportion  of  the 
mannrial  constituents  of  the  leguminous  crops  grown  in  rotation, 
that  will  generally  be  retained  on  the  farm. 

The  Ih-y  Matter  in  the  Wheat  Crops, — The  bottom  division  of 
the  Table  (V.)  shows  the  average  amounts  of  dry  substance  in 
the  wheat — grain,  straw,  and  total  produce — grown  in  rotation, 
and  those  obtained  in  the  same  years  in  another  field  under  as 
far  as  possible  parallel  conditions  as  to  manuring,  but  grown 
continuously ;  that  is,  year  after  year  on  the  same  land. 

A  glance  at  the  figures  shows  that,  both  without  manure 
and  with  superphosphate  alone,  the  amount  of  dry  matter  pro- 
duced was,  both  in  grain  and  straw,  in  each  case  considerably 
less  than  half  as  much  in  the  crops  grown  continuously  as  in 
those  grown  in  rotation  ;  and  that,  even  with  the  mixed  manure, 
supplying  both  mineral  constituents  and  nitrogen,  it  was  con- 
siderably less  in  the  continuous  than  in  the  rotation  crops. 

So  far  as  the  unmanured  and  the  superphosphate  crops  are 
concerned,  it  is  obvious  that  the  growth  year  after  year  must  be 
much  more  exhausting,  both  of  nitrogen  and  of  certain  essential 
mineral  constituents,  in  a  condition  of  composition  and  of 
distribution  within  the  soil  and  subsoil  available  to  one  parti- 
cular crop,  than  when  the  crop  is  grown  in  alternation  with 
others,  of  difierent  requirements,  habits,  and  root-ranges. 

C 
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It  has  been  explained  that  in  the  case  of  the  mixed  manure 
rotation  plots  there  was  applied  for  the  first  crop  of  the  course, 
besides  a  full  supply  of  mineral  constituents,  about  140  lb.  of 
nitrogen ;  at  the  average  rate,  therefore,  of  85  lb.  per  acre  per 
annum  over  the  four  years.  But,  in  the  case  of  the  continu- 
ously grown  wheat  crops,  not  only  a  full  supply  of  mineral 
manure,  but  43  lb.  of  nitrogen  as  ammonium-salts,  was  directly 
applied  every  year.  The  fact  of  the  greater  amount  of  produce  on 
the  rotation  plots  would  indicate,  therefore,  that  notwithstanding 
the  growth  and  removal  of  the  intermediate  crops  since  the  ap- 
plication of  the  manure  for  the  roots,  there  was  more  nitrogen,  and 
more  of  other  constituents  also,  in  a  condition  of  composition  and 
of  distribution  available  for  the  wheat,  than  in  the  case  of  the 
annual  direct  supply. 

Of  course,  the  proportion  of  grain  and  of  straw  in  a  wheat 
crop  varies,  as  it  also  does  in  barley,  according  to  variety,  soil, 
season,  and  other  circumstances.  It  is  seen  that,  in  the  experi- 
mental crops,  whether  grown  in  rotation  or  continuously,  there 
was  always  much  more  of  the  produced  dry  matter  accumulated 
in  the  straw  than  in  the  grain.  Indeed,  there  was  in  some  cases 
nearly  twice  as  much.  On  the  assumption,  therefore,  that  as  a 
rule  the  grain  will  be  sold,  and  the  straw  retained  on  the  farm 
as  food  and  litter,  very  much  more  than  half  of  the  produced 
dry  matter  will  be  so  retained. 

Comparing  the  amounts  of  dry  matter  accumulated  in  the 
difierent  rotation  crops,  and  taking  as  the  most  normal  the 
quantities  obtained  under  the  influence  of  the  mixed  manure, 
including  nitrogen,  it  is  seen  that,  on  the  average,  the  two  cereal 
crops — the  barley  and  the  wheat — produced  approximately  equal 
amounts  ;  and  each  considerably  more  than  either  of  the  fallow 
crops — the  roots  or  the  Legumino88B. 

The  Amounts  of  Nitrogen  in  the  Rotation,  and  in  the  Continuous 

Crops. 

Table  VI.  shows  the  average  amounts  of  nitrogen  per  acre 
per  annum,  over  the  eight  years,  in  the  rotation,  and  in  the  con- 
tinuous crops,  respectively. 

The  Nitrogen  in  the  Root-crops, — Without  manure,  with 
extremely  small  crops,  but  very  abnormally  high  percentage  of 
nitrogen  in  them,  the  amounts  per  acre  were,  in  the  continu- 
ously grown  crops  only  about  twice  as  much  as  annually  comes 
down  as  combined  nitrogen  in  the  rain  and  minor  aqueous  de- 
posits  from  the  atmosphere ;  whilst,  even  in  the  rotation  crops, 
the  amounts  averaged  but  little  more  than  in  the  continuous. 
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Tablb  VI. — Experiment  on  the  Rotation  of- — Roots,  Barley,  Clover  {or 
£eaHs)y  or  FalloWy  and  Wheat ;  in  Agdell  Field,  Rothamsted.     8  courses, 

32  years,  1852-1883. 

AVERAGE  AVOUNTS  OP  NITROOEN  PER  ACRE  PER   ANNUM   IN  THE  ROTATION  CROPS, 
COIIPAREO    WITH  THOSE  IN  THE  CROPS  GROWN  CONTINUOUSLY. 
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With  saperpliosphate  alone,  much  larger  crops,  bat  mach 
lower  percentages  of  nitrogen,  there  was  very  much  more  nitro- 
gen taken  up  than  without  manure ;  in  fact,  when  grown  in 
rotation  from  three  to  four  times  as  much,  and  when  grown  con- 
tinuously more  than  twice  as  much.  There  was,  too,  very  much 
more  in  the  rotation  than  in  the  continuous  crops.  The  detailed 
results  published  elsewhere,  relating  to  the  continuous  growth  of 
root-crops  aSbrd  conclusive  evidence  that  the  increased  amount 
of  nitrogen  taken  up  by  the  crop  under  the  influence  of  phos- 
phatic  manures  is  derived  from  the  resources  of  the  soil  itself, 
by  the  aid  of  the  greatly  enhanced  development  of  fibrous  feed- 
ing root  induced  by  such  manures. 

With  the  mixed  manure  containing  nitrogen  there  was,  as 
with  superphosphate  alone,  much  more  nitrogen  taken  up  under 
rotation  than  with  continuous  growth.  But,  under  rotation, 
there  was  about  twice  as  much  taken  up  with  the  mixed  manare 
containing  nitrogen  as  with  superphosphate  without  nitrogen  ; 
and  with  continuous  growth  there  was  nearly  three  times 
as  much  taken  up  as  with  superphosphate  without  nitrogen. 
It  is  clear,  therefore,  that  the  crops,  whether  grown  in  rotation 
or  continuously,  took  up  much  of  the  nitrogen  supplied  by  the 
manure.  Indeed,  it  cannot  be  doubted  that,  beyond  the  small 
amount  of  combined  nitrogen  annually  coming  down  from  the 
atmosphere  in  rain  and  the  minor  aqaeous  deposits,  the  source 
of  the  large  amount  of  nitrogen  of  root-crops  is  the  store  of  it 
within  the  soil,  whether  this  be  due  to  accumulations,  or  to  direct 
supply  by  manure.  On  the  other  hand,  the  large  amounts  of 
produce  obtained  by  the  aid  of  nitrogenous  manures  on  land  to 
which  no  carbonaceous  manure  has  been  applied  for  about  fifty 
years  is  evidence  that  the  atmosphere  is  at  any  rate  the  chief, 
if  not  the  exclusive,  source  of  the  carbon  of  the  crops. 

Lastly,  as  to  the  results  in  the  Table  relating  to  the  Swedish 
turnips,  it  is  seen  that  by  far  the  greater  part  of  the  nitrogen  of 
the  crops  was  accumulated  in  the  edible  root. 

The  Nitrogen  in  the  Ba/rley  Crops. — The  second  division  of 
Table  VI.  shows  the  average  amounts  of  nitrogen  per  acre  per 
annum  over  the  eight  years  in  the  rotation  and  in  the  continuous 
barley  crops  respectively. 

Referring  to  the  results  chiefly  in  their  bearing  on  the  ques- 
tion of  the  position  of  the  barley  crop  in  rotation,  and  of  its  de- 
pendence, or  otherwise,  on  the  soil  for  its  supplies  of  nitrogen, 
the  amounts  of  it  in  the  total  crops,  grain  and  straw  together, 
are  of  most  interest. 

When  considering  similar  results  relating  to  the  first  crop  of 
the  course — the  Swedish  turnips,  it  was  seen  that  the  average 
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amount  of  nitrogen  per  acre  per  annum  in  the  total  crops,  roots, 
and  leaves  together,  was  only  10  or  11  lb.,  or  even  less,  when 
grown  without  any  manure.  The  results  relating  to  the  rota- 
tion barley  crops  show,  however,  that  the  average  annual  removal 
in  them  was  without  manure  nearly  30  lb. ;  the  conditions  of 
growth  being  substantially  equivalent  to  fallow,  as  practically  no 
poot-crop  had  been  removed. 

Consistently  with  other  evidence  on  the  point,  the  amounts 
of  nitrogen  removed  in  the  barley  crops  grown  on  the  super- 
phosphate plots  are  seen  to  be  even  considerably  less  than  with- 
out manure,  where  the  increased  crop  of  roots  grown  under  the 
influence  of  the  superphosphate  had  been  removed  from  the 
land  ;  but  where  the  superphosphate  turnips  had  been  fed  on 
the  land,  the  amounts  of  nitrogen  removed  in  the  barley  crops 
are  more  than  under  the  parallel  conditions  without  manure.  In 
other  words,  an  increased  amount  of  nitrogen  having  been  taken 
up  from  the  soil  by  the  turnips  under  the  influence  of  the  super- 
phosphate, the  land  was  left  poorer  in  available  nitrogen  for  the 
barley  where  the  increased  turnip  crop  had  been  removed  from  the 
land,  but  richer  where  it,  or  its  manurial  residue,  was  left  upon  it. 

Again,  under  the  influence  of  the  mixed  manure,  supplying 
a  liberal  amount  of  nitrogen  for  the  roots,  which  took  up  a  con- 
siderable quantity  of  it,  there  was  much  less  nitrogen  in  the 
Succeeding  barley,  where  the  roots  so  grown  had  been  removed, 
Aan  where  they  or  their  manurial  residue  had  been  left  on  the 
land. 

The  actual  quantities  of  nitrogen  removed  in  the  barley  crops, 
where  the  roots  had  previously  been  removed,  were — without 
manure  nearly  30  lb.,  with  superphosphate  about  23^  lb.,  and 
with  the  mixed  manure  about  40  lb. ;  but  where  the  roots  had 
been  fed  or  left  on  the  land,  they  were,  without  manure  about 
28  lb.,  with  superphosphate  more  than  30  lb.,  and  with  the 
mixed  manure  containing  nitrogen  about  47  lb. 

Comparing  the  amounts  of  nitrogen  taken  up  by  the  rotation, 
with  those  by  the  continuously  grown  barley,  it  is  seen,  as  might 
be  expected  under  the  conditions  described,  that  both  without 
manure  and  with  superphosphate,  the  rotation  barley  took  up 
much  more  than  the  continuously  grown.  Where,  however, 
nitrogenous  manure  had  been  applied  for  the  roots,  and  they  had 
been  removed,  the  succeediug  barley  took  up  less  nitrogen  than 
the  continuous  crops  which  annually  received  nitrogenous 
manure;  but  where  the  roots  had  not  been  removed  from  the 
land,  the  nitrogen  was  nearly  the*  same  in  the  rotation  as  in  the 
continuously  grown  barley — about  47  lb.  per  acre  per  annum. 

The  influence  of  the  manuring,  and  of  the  amount  and 
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treatment  of  the  previous  root-crop,  on  the  available  snpply  of 
nitrogen  within  the  soil  for  the  succeeding  barley  is,  therefore, 
throughout  clearly  traceable. 

Lastly,  in  regard  to  the  nitrogen  statistics  of  the  barley 
crops,  it  is  to  be  observed  that,  under  whatever  conditions  of 
manuring  or  other  treatment,  and  whether  grown  in  rotation 
or  continuously,  there  was  generally  three-fourths  or  more  of 
the  total  nitrogen  of  the  crop  accumulated  in  the  grain,  that  is, 
in  the  portion  which  is  as  a  rule  sold  off  the  farm  ;  only  about 
one-fourth,  therefore,  remaining  in  the  straw  which  is  supposed 
to  be  retained  on  the  farm. 

The  Nitrogen  in  the  Leguminous  Crops, — The  third  division 
of  the  Table  (VI.)  gives  the  results  relating  to  this  point. 

Referring  first  to  the  amounts  of  nitrogen  in  the  total  bean 
crops  (com  and  straw  together),  it  is  seen  that,  under  each  oi 
the  three  conditions  as  to  manuring,  there  was  from  twice  to 
twice  and  a  half  as  much  in  the  rotation  as  in  the  continuously 
grown  beans.  The  details  further  show  that  the  advantage  was 
proportionally  greater  in  the  com  than  in  the  straw. 

It  is  next  to  be  observed  that  the  amounts  of  nitrogen 
taken  up  by  the  rotation  beans  were — without  manure  about 
36  lb.  per  acre  per  annum,  and  with  superphosphate  between 
40  and  50  lb. ;  whilst  with  the  mixed  manure,  containing^ 
nitrogen,  there  were  in  one  case  63*6  lb.,  and  in  the  other  70*2 
lb.  In  fact,  both  without  manure  and  with  superphosphate, 
the  amounts  taken  up  in  the  beans  were  much  greater  than 
in  either  the  preceding  roots  or  the  preceding  barley.  With 
the  mixed  manure  supplying  nitrogen,  they  were  also  much 
more  than  in  the  preceding  barley,  but  less  than  in  th© 
root-crops,  to  which  the  mixed  manure  had  been  directly 
applied. 

The  point  of  greatest  interest  in  the  results  is,  however, 
that  under  each  condition  as  to  manuring,  the  claver  took  up 
very  much  more  nitrogen  than  the  beans,  and  very  much 
more  than  either  of  the  other  crops  of  the  rotation  under 
parallel  conditions.  Thus,  even  without  manure,  the  average 
amount  of  nitrogen  in  the  two  crops  of  clover  was — in  one  case 
55  lb.  and  in  the  other  47  lb.  ;  with  superphosphate  it  was 
124*5  and  144*6  lb. ;  and  with  the  mixed  manure,  containing 
both  potash  and  nitrogen,  in  the  one  case  167  lb.  and  in  the  other 
168*4  lb.  Or,  taking  the  average  amount  of  nitrogen  in  the 
six  bean  and  two  clover  crops,  there  were — without  manure 
41*5  and  38*9  lb. ;  with  superphosphate  61*5  and  72'9  lb. ; 
and  with  the  mixed  manure  89*5  and  94*7  lb.  It  is,  indeed,  to 
the  occasional  growth  of  clover,  that  the  very  large  average 
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amounts  of  nitrogen  removed  in  the  leguminous  crops  of  the  rota- 
tion are  to  be  attributed ;  and  it  is  these  amounts  that  have  to 
be  taken  into  consideration  in  comparing  the  effects  on  the 
yield  of  the  other  crops  of  the  rotation,  and  of  the  rotation  as  a 
whole,  on  the  one  hand  of  growing  a  leguminous  crop,  and  on 
the  other  of  fallowing,  which  of  course  neither  yields  nor 
removes  nitrogen— unless  by  loss  in  drainage. 

Further,  the  figures  show  that  there  was  generally  three  or 
even  more  times  as  much  of  the  total  nitrogen  of  the  bean  crops 
accumulated  in  the  corn  as  remained  in  the  straw.  Lastly,  not 
only  does  the  leguminous  crop  of  the  rotation  yield  the  most 
nitrogen,  but,  unless  in  the  case  of  some  of  the  com  of  the 
beans,  the  whole  of  it  is  supposed  to  be  retained  on  the  farm ; 
and  there  is,  in  addition,  more  or  less,  and  sometimes  a  con- 
siderable amount,  of  nitrogenous  crop-residue  left  within  the 
soil  for  succeeding  crops. 

The  Nitrogen  in  the  Wheat  Crops. — The  results  on  this  head 
are  recorded  in  the  bottom  division  of  Table  YI. 

Referring  first  to  the  amounts  of  nitrogen  in  the  total  produce 
(grain  and  straw  together),  it  is  seen  that,  both  without  manure 
and  with  superphosphate  alone,  that  is  with  the  greatest  ex- 
haustion, especially  of  nitrogeu,  there  was  generally  about,  or 
even  more  than,  twice  as  much  in  the  rotation  as  in  the  con- 
tinuous crops.  With  the  full  manure,  both  mineral  and  nitro- 
genous, applied  for  the  rotation  crops  only  at  the  beginning  of 
the  course,  but  for  the  continuous  ones  each  year  for  the  wheat 
crop  to  be  grown,  the  relative  deficiency  in  the  continuous 
crops  was,  however,  very  much  less.  Thus,  the  figares  show 
that  the  average  amounts  of  nitrogen  in  the  total  wheat  crops 
were — without  manure  nearly  35  lb.  per  acre  per  annum  in 
the  rotation  crops,  and  only  17  lb.  in  the  continuous  ones ;  with 
the  superphosphate  alone  nearly  40  lb.  under  rotation,  but  in 
the  continuous  crops  not  20  lb. ;  and  lastly,  with  the  full 
manure  there  was  an  average  of  more  than  42  lb.  in  the  rota- 
tion crops,  and  of  34  lb.  in  those  grown  continuously.  There  is 
direct  evidence,  therefore,  that  there  was,  under  all  conditions, 
more  nitrogen  available  to  the  crops  grown  in  rotation,  than 
to  those  growing  year  after  year  on  the  same  land ;  and 
the  advantage  is  relatively  much  the  greater  where  no  nitrogen 
had  been  supplied  in  manure.  The  beneficial  effect  of  the 
interpolation  of  other  crops  with  the  cereals  is,  therefore,  very 
obvious. 

In  the  case  of  the  second  cfop  of  the  course — the  barley — it 
was  shown  that  without  manure  the  increased  produce  in 
rotation  was  due  to  scarcely  any  roots  having  been  grown,  so 
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that  the  land  was  practically  fallowed  for  the  barley ;  and  now 
in  the  case  of  the  fourth  crop — the  wheat — there  was  the  pre- 
paration either  of  the  growth  of  a  leguminous  crop  leaving  a 
highly  nitrogenous  residue,  or  of  fallowing.  Then  with  super- 
phosphate alone,  the  produce  of  barley,  and  the  yield  of  nitro- 
gen in  it,  were  less  than  without  manure  where  the  turnips 
had  been  removed,  but  more  where  they  had  not,  and  where, 
therefore,  there  was  an  available  nitrogenous  residue  from  the 
roots  ;  and  now  in  the  wheat,  the  efiTects  on  the  available  supply 
of  nitrogen,  on  the  one  hand  of  the  growth  and  removal  of  a 
leguminous  crop,  and  on  the  other  of  actual  fallow,  are  obser- 
vable. Lastly,  with  the  mixed  manure  the  influence  of  the 
direct  supply  of  nitrogen  for  the  first  crop  of  the  course  is 
obvious.  But,  as  the  amounts  of  nitrogen  taken  up  were  not 
very  much  more  than  where  none  had  been  supplied,  it  is 
evident  that  in  both  cases  much  must  have  been  due  to 
the  influence  of  the  preceding  leguminous  crop  or  fallow. 

Upon  the  whole  there  can  be  no  question  that,  so  far  as 
nitrogen  is  concerned,  the  supply  within  the  soil  in  a  condition 
of  combination  and  of  distribution  available  to  the  wheat  is 
increased,  both  by  fallow,  and  by  the  growth  of  a  leguminous 
crop,  especially  of  clover ;  and,  further,  that  such  accumulation 
of  available  nitrogen  by  fallow,  and  of  nitrogenous  crop-residue 
by  the  growth  of  leguminous  crops,  is  the  greater  when  the  soil 
and  subsoil  are  not  abnormally  exhausted  of  organic  nitrogen. 

Lastly,  it  is  to  be  observed  that,  under  all  conditions  of 
manuring,  or  other  treatment,  there  was,  both  in  the  rotation 
and  in  the  continuous  wheat  crops,  more  than  twice,  and  in 
some  cases  considerably  more  than  twice,  as  much  of  the  total 
nitrogen  of  the  produce  stored  up  in  the  grain  as  in  the  straw. 
Hence,  in  the  sale  of  the  grain,  and  the  retention  of  the  straw 
for  home  use,  by  far  the  greater  part  of  the  nitrogen  of  the 
crop  is  exported  from  the  farm. 

The  Amounts  of  Total  Mineral  Matter  {Ash)  in  the 
Rotation,  and  in  the  Continuous  Crops, 

The  results  are  given  in  Table  VII.  for  each  of  the  four 
descriptions  of  crop,  in  exactly  the  same  form  as  those  for  the 
total  dry  matter  and  the  nitrogen,  in  Tables  V.  and  VI.  re- 
spectively. 

The  record  is  deserving  of  careful  study,  as  showing  the 
very  various,  and  sometimes  vei^  large,  amounts  of  mineral  or 
ash-constituents  taken  up  from  the  soil,  and  stored  up  in  the 
difierent  crops,  or  parts  of  the  crops.   But  it  must  sufiice  here  to 
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Table  VII. — Experiments  on  the  Rotation  of—'RootSy  Barley^  Clover  {or  Beana), 
or  FaUow^  cmd  Wheat ;  in  AgdeU  Fiddy  Rothamsted.     8  courses, 

32  yeiM-Sy  1852-1883. 

AVERAGE  AMOUNTS  OP  MINERAL  MATTER  (ASH)  PER  ACRE  PER  ANNUM  IN  THE  ROTA- 
TION CROPS,  COMPARED  WITH  THOSE  IN  THE  CROPS  GROWN  CONTINUOUSLY. 
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Roots  carted 

'   Roots  fed 

Roots  carted 

Rootofed 

Roots  carted 

1   Roots  fed 

FhL- 
low 

Beans 

or 
clover 

Fal- 
low 

Beans 

or 
clover 

Fal- 
low 

Beans 

or 
clover 

Fal. 
low 

Beans 

or 
clover 

Pal- 
low 

Beans 

or 
clover 

1  Fal- 
low 

Beans 

or 
clover 

SWEDISH  TURNIPS. 


"TbT 
172-3 

lOOJL 
"72-0^ 

41-6 
40-5 

_l-f 

213-9 
140-8 

78-f 


(Rotation  .  .  . 
Continuous  *  .  . 
Rotn.-H  or  —  cont. 

(Rotation     .    .    . 

Leaves  -t  Continuous  *  .    . 

\  Rotn.  +or  —cont. 

( Rotation     .    .    . 
Tbtal    J  Continuous '    .    . 

\  Rotn.  +  or  —  cont. 


lb. 
15-7 
10-9 

lb. 

9-5 

10-9 

.    lb. 
1  13-8 
10-9 

lb. 

8-8 

10-9 

lb. 
74-1 
40-0 

lb. 
71-8 
4(H) 

4-8 

-1-4 

6-0 
6-9 

29 

-2-1 

34-1 

31-3 

20-4 
16-4 

6-7 
6-9 

1     6-6 
5-9 

0-7 

5-9 
5-9 

17-9   J 
16-4 

0-8 

0-1 

0-e 

1-5 

4-0 

22-4 
168 

15-5 
18-8 

-1-8 

204 
16-8 

M4-7 
16-8 

92-0 
56-4 

917 
56  4 

6-6 

8-6 

-2-1 

35-6 

36-3 

lb. 
82*5 

40-0 

lb. 
81-9 

40-0 

lb. 
167-8 

100-3 

lb.    ! 
171-2 
1003 

70-9 

lb. 
182-4 
100-3 

821 

40-1 
40-5 

-0-4 

222-5 

140-8 

42-5 

419 

67-6 

85-2 
40-6 

19-2 
16-4 

22-9 
16-4 

41-9 
40-5 

1-4 

213-1 

140-8 

2-8 

101-7 

56-4 

45-3 

6-5 

-5-3 

203-0~ 
140-8 

104-8 
56*4 

[    48-4 

62-2 

72-8 

81-7 

BARLEY. 


r  Rotation     .    . 
Grain   -j  Continuous     . 

(Rotn.-<-or  —  cont 


/Rotation     .    . 
Straw  J  Continuous     . 

I  Rotn.  +  or— cont 


Total 


( Rotation 
-  Continuous 

1  Botn.-h  or —cont. 


84*8 
21-5 


13-3 


81-3 
47-3 


84-0 


116-1 
_88-8^ 

47-8 


85*9 
21-5 

14-4 


87-5 
47-3 


40-2 


128-4 

68-8 

54-6 


34'2 

21-5 

80*7  1   84-9 
21*5  1   28-4 

88-8 
28-4 

441 
28-4 

45-9 
28-4 

60-7 
58-8 

61-5 

68-8 

-7-3 

116-8 
130-6 

-13-8 

leW 

189-4 
-21-1 

58-1 
68-8 

12-7 

9-2  1     6-5 

5-4 

16-7 

96-9 
55-6 

41-3 

1410' 
84-0 

67-0 

17-6 

-81 

-0-7 

145-6 
1130-6 

1 50 

2U3-7 
189-4 

79-2 
47-3 

31-9 

113-4 
68-8 

76-1 
47-8 

76-6 
55-6 

77-7 
65-6 

99-8 
556 

113-5 
180-8 

28-8 

•106-8 
688 

88-0 

20-0 

110-5 
840 

22-1 

111-5 
84-0 

27-5 

44-2 

145-7 
84-0 

-17-1 

164-2 
189-4 

44-6 

26-5 

61-7 

|-25-2 

1    14-3  1 

67-7 
58-8 

-1-f 

144-9'" 
130*6^ 

14-3 

202-6 
J89j4_ 


13-3 


BEANS  (6  COURSES),  CLOVER  (2  COURSES),  OR  FALLOW. 


Com     . 
Stnw  . 

Rotation     .    .    . 
Continuous     .    . 

Rotn.+  or  —cont. 

18-5 
7.6 

18-4 
7-6 

10-8 

20-2 
9-4 

24-1 
9-4 

14-7 

85-8 

21-1 

14-7 

87-7 
54-2 

40*7 
21-1 

10-9 

10-8 

65-8 
851 

30-7 

860 
44-5 

41-5 

19-6 

90-8' 
54-2 

36'6 

Rotation     .    .    . 
Continuous     .    . 

Rotn.+  or— cont. 

53-1 
28-6 

53-3 
28-5 

72-5 
86-1 

37-4 

24-6 

71-6 
_86-l 

35-5 

198-3 
? 

24-8 

33-6  1 

Total    • 

Rotation     .    .    . 

Cgntlnuous     .    . 

.  Rotn.  +  or —cont. 

71-7 
36-1 

96-6 
44-5 

123-6 
76-3 

131-5 
76-3 

35-6 

•172-6 
? 

52-1 

487-5 
? 

48-2  1 

56-2 

Clover  • 

Averagi 
Bean 

Rotation  .... 
Continuous      .    . 

421-8 
? 

569-8 

• 

235-1  , 

612-5 

? 

B  of  8  courses, ) 
8  and  Clover  ) 

108-3 

•96-9 

169-8 

194-8 

1 

261-7 

WHEAT. 


(Rotation  .  .  . 
Continuous  .  . 
Rotn.+  or— cont. 

(Rotation  .  .  . 
Continuous  .  . 
Rotn.+  or— cont. 

(Rotation  .  .  . 
Continuous  .  . 
Rotn.+  or —cont. 


26-8 
13-8 

12-7 

167^9 
74-4 

24*6 
13-6 

25-6 
13-6 

22-1 
18-6 

29-6 
16-3 

29-1 
16-3 

80-0 
16-3 

11-0 

157  9 
74-4 

12-0 

160-9 
74-4 

8-6 

13-3 

12-8 

172-4 
89-3 

1    13-7 

143-6 
74-4 

181-4 
89-3 

1  182-5  ! 
89-3  ; 

93-5 

83-5 

182-6 
88-0 

86-5 

.186-5 
88-0 

69-1 

92-1 

88-1 

201-5 
106-6 

93-2 

212-5 

106-6 

194-2 
88-0 

106-2 

•166-6 

88-0 

211-0 
106-6 

94-5 

98-6 

77-6 

106-4 

95-9 

106-9 

1 

81 -1 
16-3 

80-6 
26-0 

5-6 

187-9 
136-7 

33-8 
26-0 

29-5 

26-0  1 

14-8 

182-0 
89-3 

8-3 

198-9 
136-7 

4-8 

190-7 
136-7 

640 

220-2 
161-7 

92-7 

51-2 

218-5 
161-7 

62-2 

282-2 

161-7 

2181 

105-6 

107-5 

66-8 

70-6 

58*5 

83-2 
25-0 

]_8J 

196-7~ 
136^ 

60-0 

229-9' 
161-7 

'  68-2" 


Average  per  acre,  19  years,  1849-52  and  1866-70.  ■  Probably  crop  too  low  owing  to  a  delL 
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direct  attention  to  some  of  the  points  of  chief  interest  brought 
to  view,  on  the  consideration  of  the  amount,  and  of  the  distribu- 
tion, of  some  of  the  more  important  individual  mineral  con- 
stituents in  the  respective  crops  ;  and  for  the  purposes  of  such 
an  illustration  reference  will  chiefly  be  made  to  the  amounts  of 
phosphoric  acid,  and  of  potash,  but  in  some  cases  to  that  of  lime 
also,  in  the  crops. 

The  Amounts  of  Phosphoric  Add  in  the  Botation,  a/nd  in  the 

GorUinuous  Orops. 

Table  YIII.  records  the  results  relating  to  the  amounts  of 
phosphoric  acid  in  the  difierent  crops  or  parts  of  crops. 

The  Phosphoric  Add  in  the  Boot-crops. — The  figures  show- 
that,  without  manure,  the  rotation  turnip  crops  took  up  an 
extremely  small  amount  of  phosphoric  acid,  reaching  in  only 
one  case  to  an  average  of  1^  lb.  per  acre  per  annum.  By  super- 
phosphate alone  the  amount  was  increased  to  an  average  of 
about  10  lb. ;  and  although  this  increase  only  represents  about 
one-tenth  of  the  phosphoric  acid  applied  in  manure  it  is  very 
important,  as  it  is  directly  connected  with  the  greatly  increased 
development  of  fibrous  feeding  root  within  the  soil,  which  is  a 
special  efiect  of  phosphatic  manures  when  applied  to  turnips ; 
and  it  is  by  virtue  of  this  development  that  these  crops  so 
markedly  exhaust  the  available  nitrogen  within  the  soil,  and 
especially  the  surface  soil.  As  has  been  shown,  there  is  abun- 
dant evidence  that  the  increased  amount  of  nitrogen  taken  up 
under  the  influence  of  phosphates  unaccompanied  by  any 
supply  of  nitrogen  itself,  is  at  the  expense  of  the  stores  of  the 
soil ;  and  that  it  is  not  due  to  a  capacity  to  take  up  either 
combined  or  free  nitrogen  from  the  atmosphere,  by  virtue  of  an 
increased  development  of  leaf-surface,  under  the  influence  of  the 
phosphatic  manure. 

With  the  mixed  manure,  supplying,  besides  superphos- 
phate, salts  of  potash,  soda,  and  magnesia,  and  a  liberal  amount 
of  nitrogen  as  well,  there  was,  although  the  supply  of  phosphoric 
acid  by  manure  was  exactly  the  same,  now  about  twice  as  much 
of  it  taken  up,  as  a  coincident  of  the  greatly  increased  growth, 
due  partly  to  the  other  mineral  constituents  at  the  same  time 
added,  but  especially  to  the  influence  of  the  increased  available 
^  supply  of  nitrogen.  Still,  only  a  small  proportion  of  the  phos- 
phoric acid  applied  was  taken  up,  considering  the  recognised 
importance  of  its  application  for  turnips,  and  its  undoubted 
specific  effects  on  their  growth  as  above  described. 

Comparing  the  amounts  of  phosphoric  acid  in  the  rotation 
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Table  VIII. — Bocperimenta  on  the  Rotation  of—Roots^  Barley^  Clover  {or 
Beans),  or  Fallow,  and  Wheat ;  in  Agdell  Field,  Rothamsted.     8  courses, 

32  yea/rs,  1852-1883. 

AVERAGE  AMOUNTS  OF  PHOSPHORW  ACID  PER  ACRE  PER  ANNUM  IN  THE  ROTATION 
CROPS.  COMPARED  WITH  THOSE  IN  THE  CROPS  GROWN  CONTINUOUSLY. 


Unmaniured 

Superphosphate 

Mized  mineral  and 
DJIirogenoQs  manure 

Roots  carted 

Roots  fed 

Roots  carted 

Roots  fed 

Root»earted 

Boots  fed 

Fal- 
low 

Beans 

or 
clover 

Fal. 
low 

Beans 

or 
olover 

Fal- 
low 

Beans 

or 
clover 

Fal- 
low 

Beans 

or 
Glow 

Fal- 
low 

Beans 

or 
clever 

Fal- 
low 

Beans 

or 
clover 

SWEDISH 

TURNIPS. 

Rotation      .    .    . 
Boots  -j  Continuous '    .    . 

lb. 

1-26 

0-88 

lb. 

0-77 

0-88 

lb. 

1-11 

0-88 

lb. 
0-71 

0-88 

lb. 

7-91 

4-14 

lU 

7-68 

4-14 

lb. 

8-88 

4-14 

lb. 

8-78 

4-14 

lb. 

16-67 

9-91 

lb. 

17*02 

9  91 

lb. 

18-14 

9-91 

8-23 

lb. 

1712 

9-91 

Rotn.-I-  or —cent. 

0-38 

0-29 
0-25 

-0-11 

0-26 
0-26 

0-23 

0-28 
0-26 

-0-17 

8-77 

8-64 

4-69 

4-64 

6-76 

7-11 

7-21 

/  Rotation     .    .    • 
Leaves    Continuous^    .    . 

0-26 
0-25 

1-27 
1-16 

1-44 
1-16 

1-36 
1-16 

0-20 

1-62 
1*16 

2-79 
3-07 

»-17 

3-07 

0-10 

8-04 
3-07 

8-16 
8-07 

iRotn.+  or— cont. 

0-04 

0-00 

0-03 

0-00 

0-11 

0-28 

0-46 

-0-28 

-0-03 

0-09 

Rotation     .    .    . 
Total       Continuous'    .    . 

1-66 
1-13 

0-42 

1-02 
1-13 

1-39 
1-13 

■0-96 
1-18 

9-18 
6-30 

9-12 
6-30 

10*19 
6-30 

10-40 
6-80 

19-46 
12-98 

2019 

12-98  ! 

T-21 

2118 
12-98 

20-28 
12*98 

vRotn.+  or— ooDt. 

-0*11 

0-26 

-0-17  J  3-88 

8-82 

4-89 

610 

6-48 

8-20 

7-30 

BARLEY. 


[Rotation     .    .    . 
Grain   ■  Continuous     .    . 

11-24 
6*96 

ll-6» 
6-96 

11-02 
6-95 

9-89 
6-95 

12-2> 

lOKK) 

11-91 
10-00 

16*62 
10-00 

6-62 

16-16 
1000 

616 

18-84 
21*31 

18-63 
21-31 

'21-04 
21-31 

20-90 
21-31 

Rotn.-H  or  —  cont. 

4-29 

4-64 

4-07 

2-94 

2-29 

1-91  1 

1-85 
1-38 

-2-97  —2-68 

-0-27 

3-68 
3*30 

-0-41 

(Rotation     .    .    . 
Straw  •  Continuous     .    . 

.  Rotn.+  or  — oont. 

1-87 
1-10 

2*08 
1-10 

1-82 
1-10 

1*74 
1-10 

1-80 
1-33 

S-32 
1-33 

0-99 

17-84 
11-33 

2-38 
1-33 

2-87 
3-30 

2-96 
3-30 

-0-34 

3-63 
3-30 

0*77 

"  18*11 
8-06 

6-06 

0-93 

0-72 

0-64 

0-47 

0-52  1 

1376 
11-38 

1"<}5 

-0-43 

0-38 

0-23 

/Rotation     .    .    . 
Total    •  Continuous     .    . 

l»-62 
8-06 

12-84 
8-05 

»]1-6S 
8-06 

14-09' 

ii-sa 

18-64 
11-33 

21-21 
24-61 

21-69 
24-61 

24-72 
24-61 

24-43 
24-61 

Rotn.-1-or— cont. 

6-67 

4-79 

8-68 

2-76 

2-43  1 

6-51 

7-21 

-8-40 

-802 

0-11 

-0-18 

BEANS  (6  C0X7RSES),  GLOVER  (2-  COURSES),  OR  FALLOW. 


Com     • 

Straw 

Rotation     .    .    . 

Continuous     .    . 

.Rotn.+  or —cont. 

6-16 
2-11 

6-14 
2-11 

6*81 
8*16 

frl8 
8-16 

11-49 
6-75 

18-05 
6*76 

8-04 

8-03 

1-17 
0-68 

064 

8-66 

6-02 

4-74 

1-99 
1-24 

6-30 

Rotation     .    .    . 
Continuous     .    . 

1  Hi>*n.+  or  —cont. 

1-17 

0-64 

6*32 
2»74 

1-78 
0-96 

1-97 
0-96 

2-06 
1-24 

0-83 

1-02 

0-76 

0-82 

Total 

Uotation     .    .    . 
Ck)ntinuous     .    . 

Rotn.4-or— cont. 

6-81 
274 

8-69 
4-11 

10*16 
4-11 

13-48 
7-99 

6-49 

16-11 
7-99 

8*68 

3-67 

4-48 

6-04 
22-99 
? 

1 

7-12 

n«— *  J  Rotation     .    .    . 
^^"'^  1  Continuous     .    . 

8*04 
? 

•6-96 
? 

20-30 

31*69 
? 

84  29 
? 

Average  of  8  courses,      1 
bmns  and  clover         [ 

6-76 

'6-48 

11-68 

18-86 

18-08 

19*90 

WHEAT. 


Rotation     .    .    . 
Grain      Continuous     .    . 

19-63 
6-46 

11-18 
6*46 

12*19 
6-45 

6-74 

10*60 
6-46 

4-06 

14-48 
7-99 

14-28 
7-99 

6-24 

14-68 
7-99 

16-26 
7-99 

1612 
12-40 

16-ftO 
12-40 

14^68 
12-40 

2-18 

16-43 
12-40 

Rotn.+  or— oont. 

6-08 

2-87 
1*27 

1*60 

4*73 

6-49 

6-69 

7-26 

&-96 
1-88 

2-72 

4*10 

4-03 

Rotation     .    .    . 
Straw     Continuous     .    . 

2'78 
1*27 

1-46 

2-76 
1*27 

1-49 

14*96 
7-72 

2-48 
1-27 

8-87 
1-88 

1-99 

8*76 

1-88 

1-87 

3-84 
1-88 

1-96 

18-62 
9*87 

4-94 
8-62 

6-46 
8-62 

6-00 
8-62 

6-31 
8-62 

.Rotn.-1-or— cont. 

1-21 

2*07 

19*20" 
9-87 

1^32 

1-84 

21-96 
16*02 

1-38 

19-58 
16-02 

1    3-56 

1-69 

(Rotation     .    .    . 
Total    •  Continuous     .    . 

16-40 
7-72 

18-91 
7-72 

•12*98 
7-72 

18-36 
9*87 

17-98 
9-87 

20-06 
16-02 

21-74 
1602 

.Botn.+  or— oont. 

7-68 

6-19 

7*28       6-26 

8-48 

8-11 

8*66 

9-83 

4-04      5-94 

6-72 

^  Caloalated  oo  averaspe  produce  of  19  years,  1819-52  and  1856-70.    "  Probably  crop  too  low  owing  to  a  deU. 
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crops  with  those  in  the  continnous  ones,  the  eqnally  small,  or 
even  smaller,  amount  taken  up  without  manure  by  the  latter, 
is  further  confirmation  of  the  incapability  of  this  assumed 
restorative  crop  to  yield  any  practical  amount  of  produce  with- 
out adequate  soil  supplies.  With  superphosphate  alone,  as 
also  with  the  mixed  manure,  the  continuous  crops  took  up 
little  more  than  half  as  much  phosphoric  acid  as  the  rotation 
ones  under  the  assumed  fairly  parallel  conditions  as  to  manu- 
ring. The  deficiency  is,  however,  obviously  not  due  to  any 
deficiency  of  supply  within  the  soil,  but  is  only  a  coincident  of 
the  less  total  growth,  attributable  to  a  great  extent,  as  has  been 
explained,  to  the  unfavourable  mechanical  condition  of  the  soil 
induced  by  the  continuous  gn)wth  of  the  crop. 

Lastly,  in  regard  to  the  phosphoric  acid  in  the  turnip  crops, 
it  is  to  be  observed  that  in  all  cases  much  more  was  accumu- 
lated in  the  edible  roots  than  in  the  leaves  which  remain  only 
for  manure  again;  indeed,  in  the  case  of  the  most  normal 
crops,  those  grown,  in  rotation  with  the  full  mixed  manure, 
there  was  five  or  six  times  as  much  accumulated  in  the  roots  as 
in  the  leaves. 

The  Phosfphnric  AM  in  the  Barley  Crops. — ^Looking  first  to 
the  amounts  in  the  total  produce,  grain  and  straw  together, 
and  to  the  portions  of  the  rotation  plots  from  which  the  previous 
root-crops  had  been  removed,  it  is  seen  that,  without  manure, 
rather  more  than  13  lb.  of  phosphoric  acid  was,  on  the  average, 
annually  removed  in  the  barley  crops ;  and  where  superphosphate 
had  previously  been  applied  for  the  roots,  the  succeeding  barley 
took  up  only  about  14  lb.,  that  is  scarcely  any  more  than  with- 
out the  supply  of  it ;  but  where  the  mixed  manure,  including 
nitrogen,  had  been  applied  for  the  roots,  there  was  about  one- 
and-a-half  time  as  much,  or  rather  over  21  lb.  of  phosphoric  acid 
in  the  succeeding  barley  crops.  Then,  where  the  root-crops  had 
not  been  removed  from  the  land,  the  amounts  of  phosphoric 
acid  in  the  succeeding  barley  crops  were,  without  manure,  about 
12  lb.  per  acre,  with  superphosphate  about  18  lb.,  and  with  the 
mixed  manure  nearly  25  lb.  In  the  case  of  the  phosphoric  acid, 
therefore,  as  in  that  of  the  nitrogen,  the  influence  of  the  manu- 
ring, and  other  treatment,  of  the  preceding  crop  of  the  course, 
is  clearly  reflected  in  the  amounts  taken  up  in  the  succeeding 
barley. 

Comparing  the  amounts  of  phosphoric  acid  in  the  rotation 
barley  crops  with  those  in  the  continuously  grown  ones,  it  is 
seen  that,  both  without  manure  and  with  superphosphate,  the 
rotation  crops  took  up  considerably  the  most  phosphoric  acid  ; 
and  this  was  the  case  notwithstanding  that  the  continuously 
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grown    crops    were  annually  manured  with  superphosphate, 
whilst  for  those  grown  in  rotation  the  application  had  only  been 
for  the  preceding  crop — the  turnips.     The  less  assimilation  in 
the  case  of  the   continuous  crops   was   doubtless  due  to  the 
diminished  total  growth,   which  in  its  turn   was  due  to  the 
greater  exhaustion  of  the  avaQable  nitrogen  of  the  soil  with  the 
annual  growth.     Consistently  with  this  view,  where  the  mixed 
mannre    supplying    an   abundance   of  nitrogen   was   applied, 
and  the  crops,  both  rotation  and  continuous,  were  pretty  full 
averages   for  the  particular  soil  and  the   seasons  of  growth, 
the  amounts  of  phosphoric  acid  in  the  rotation  crops  where 
the   roots  had  not  been  removed   were  almost  identical  with 
those  in  the  continuous  crops.     Where,  however,  the  rotation 
roots  had  been  removed,  carrying  off  therefore  the  whole  of  the 
nitrogen  that  had  been  taken  up,  the  succeeding  barley  crops 
were  accordingly  not  full  for  the  seasons  of  their  growth,  and 
the  amounts  of  phosphoric  acid  in  them  were  less  than  in  the 
continuously  grown  crops* 

The  figures  relating  to  both  the  rotation  and  the  continuous 
barley  further  show,  that  about  six-sevenths  of  the  total  phos- 
phoric acid  of  the  crops  is  accumulated  in  the  grain  which  is 
supposed  to  be  sold  off  the  farm.    There  was,  indeed,  even  a  some- 
what higher  proportion  where  phosphoric  acid  was  supplied  in 
the  manure.     Lastly,  as  in  the  cases  of  the  total  produce,  the 
dry  matter,  and  the  nitrogen,  there  is  much  less  difference  be- 
tween the  amounts  of  phosphoric  acid  taken  up  under  the  three 
different  conditions  as  to  manuring  than  in  the  case  of  the 
turnips.     That  is,  the  assumed  restorative  crop  is  much  more 
dependent  on  direct  manuring  to  yield  any  crop  at  all  than  is 
the  cereal  crop,  which  is  assumed  to  be  benefited  by  the  inter- 
polation of  it.  ^  .  ^  T.    n       ' 

The  PhosphoriG  Add  in  the  Legwrrytnous  Crops, — Referring 
to   the  third  division  of  Table  VIII.,   it  \b   seen   that  the 
amounts  of  phosphoric  acid  in  the  total  produce  of  beans, 
com    and  straw  together,   was   more   where  superphosphate 
was  supplied  than  without  manure,  and  more  still  under  the 
influence  of  the  mixed  manure  containing,  besides  superphos- 
phate, salts  of  potash,  soda,  and  magnesia,  and  nitrogen  also. 
But  under  all  three  conditions  as  to  manuring,  the  continuously 
jrrown  crops  take  up  much  less  than  those  grown  in  rotation. 
Whether  however,  grown  in  rotation  or  continuously,  three,  four, 
or  more  times  as  much  of  the  phosphoric  acid  is  finally  accu- 
mulated in  the  corn  as  remains  in  the  straw.     In  reference  to 
all  the  results  with  beans,  however,  it  is  to  be  borne  in  mind 
that  under  none  of  the  conditions  were  good  crops  obtained. 
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The  clover  took  up,  without  manure,  little  more  phosphoric 
acid  than  the  rotation  beans ;  but,  with  superphosphate,  the 
clover  took  up  more  than  twice  as  much  as  tiiQ  beans ;  ajid 
with  the  mixed  manure  it  took  up  more  still,  and  also  more  than 
twice  as  much  as  the  beans  grown  under  the  same  conditions. 

Taking  the  average  of  the  six  crops  of  beans  and  two  crops 
of  clover  grown  in  the  eight  courses,  there  was,  both  without 
manure  and  with  superphosphate,  much  less  phosphoric  acid 
taken  up  than  in  either  the  preceding  barley  or  the  succeeding 
wheat ;  and  even  with  the  mixed  manure,  which  gave  the  most 
normal  crops,  the  average  amount  of  phosphoric  acid  taken  np 
in  the  beans  and  clover  was  less  than  in  either  of  the  two  cereals 
under  the  same  conditions. 

The  Phosphoric  Acid  in  the  Wheat  Crops. — The  bottom  di- 
vision of  Table  VIIL  shows  that  the  rotation  wheat,  as  did 
the  rotation  barley,  took  up  very  much  more  phosphoric  acid 
without  manure  than  did  either  of  the  so-called  fallow  crops 
— the  turnips  or  the  leguminous  crops.  With  superphos- 
phate, again,  both  the. wheat  and  barley  took  up  more  than 
either  the  turnips  or  the  average  of  the  leguminous  crops. 
With  the  full  mixed  manure,  however,  when  each  of  the  four 
descriptions  of  crop  grew  more  normally,  the  amount  of  phos- 
phoric acid  taken  up  was  more  nearly  uniform  in  the  four  cases  ; 
the  barley,  however,  then  yielding  more  than  the  wheat,  more 
than  the  turnips,  more  than  the  average  of  the  leguminous  crops, 
but  all  considerably  less  than  the  average  of  tiie  two  years  of 
clover. 

Comparing  the  amounts  of  phosphoric  acid  in  the  total  pro- 
duce of  the  rotation,  with  those  in  the  continuously  grown  wheat, 
it  is  seen  that  there  is,  without  manure,  only  about  half  as  much 
taken  up  in  the  continuous  as  in  the  rotation  crops ;  with  super- 
phosphate, again,  only  about  half  as  much  in  the  continuous  as 
in  the  rotation ;  but  vsith  the  more  normal  growth,  when  the 
full  mixed  manure  was  annually  applied  to  the  continuously 
grown  crops,  there  was,  with  the  fuller  produce,  proportionally 
much  more  phosphoric  acid  taken  up — indeed,  on  the  average, 
about  three-fourtiis  as  much  in  the  continuous  as  in  the  rotation 
crops. 

Lastly  the  figures  show,  that  by  far  the  larger  proportion  of 
the  total  phosphoric  acid  in  the  wheat  crops  is  stored  up  in  the 
grain,  which  is  assumed  to  be  sold  off  the  farm.  Thus,  without 
manure  more  than  four-fifths,  and  with  superphosphate  nearly 
four-fifths,  of  the  total  phosphoric  acid  of  the  crops  was  in  the 
grain.  With  the  mixed  manure,  however,  with  rather  larger 
total  amounts  taken  up  than  with  superphosphate  alone,  there 
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was  coTnparatively  little  more  stored  up  in  the  grain,  the  excess 
for  the  most  part  remaining  in  the  straw.  The  larger  amount 
of  total  phosphoric  acid  taken  ap  with  the  mixed  manure  than 
with  superphosphate,  the  amount  supplied  by  manure  being  the 
same  in  the  two  cases,  is  to  be  attributed  to  the  coincident 
supply  of  other  constituents  in  the  mixed  manure,  inducing 
greater  luxuriance,  and  with  it  greater  activity  of  collection. 

The  Amounts  of  Potash  in  the  Rotationy  and  in  the  Gontinumis 

Crops. 

The  results  relating  to  the  amount  and  distribution  of  potash 
in  the  rotation  and  in  the  continuous  crops  are  recorded  in 
Table  IX. 

The  Potash  in  the  Bootnyrops. — Before  referring  to  the  details 
on  this  point,  attention  should  be  recalled  to  the  facts  fully 
illustrated  in  other  papers — that  root-crops  are  essentially 
sugar  crops ;  that  the  very  characteristic  effect  which  nitro- 
genons  manures  exert  on  their  increased  ^wth  is  mainly 
represented  by  a  greatly  increased  production  of  the  non- 
nitrogenous  substance — sugar;  that,  however  the  action  is  to 
be  explained,  it  is  certain  that  the  presence  of  potash  is  an 
important  condition  of  the  formation  in  plants  of  carbohydrates 
generally ;  and  that,  in  the  case  of  root-crops,  the  production  of 
the  carbohydrate — sugar — is  greatly  dependent  on  a  liberal 
available  supply  of  potash. 

Referring  to  the  upper  division  of  the  Table,  and  for  the 
purpose  of  the  first  illustrations  to  the  rotation  results,  it  is  seen 
that,  without  manure  and  very  abnormally  small  crops,  there 
were  only  three,  four,  or  five  times  as  much  potash  in  the  roots 
as  in  the  leaves ;  with  superphosphate,  on  the  other  hand,  and 
greatly  increased  root  development,  there  were  eight  or  nine 
times  as  much  potc^h  in  the  roots  as  in  the  leaves ;  and  with 
the  mixed  manure  (including  potash),  there  were,  with  the 
further  greatly  increased  actual  amount  of  roots  and  of  potash 
in  them,  seven  or  eight  times  as  much  in  the  roots  as  in  the 
leaves.  That  is,  there  was  the  greatest  accumulation  of 
potash  with  the  greatest  accumulation  of  sugar. 

Looking  to  the  actual  amounts  of  potash  in  the  total 
produce,  roots  and  leaves  together,  of  the  rotation  crops,  it  is 
seen  that,  without  manure,  there  was  only  from  4  to  6  lb.  of 
potash  par  acre  per  annum ;  but  with  superphosphate,  without 
potash  supply,  from  25  to  28  lb.  That  is,  without  any  supply 
by  manure  the  plants  were  able  to  gather  about  20  lb.  more 
potash  per  acre  per  annum  firom  the  soil  itself,  by  virtue  of  the 
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Table  IX. — Experiments  on  the  Rotation  of — Boots,  Barley,  Clover  (or 
Beans),  or  FaUow,  and  Wheat ;  %n  Agdell  Field,  Bothamsted.     8  courses, 

32  years,  1852-1883. 

AVERAaS  AMOUNTS  OP  POTASH  PER  ACRE  PER  ANNXTM  IN  THE  ROTATION  CROPS.  COM- 
PARED WITH  THOSE  IN  THE  CROPS  GROWN  CONTINUOUSLY. 


Unmanored 

Superphosphate 

Mixed  mineral  and 
nitrogenous  manure 

Roots  carted 

Rootafed 

Roots  carted 

Roots  fed 

Roots  carted 

Roots  fei 

Fal- 
low 

Beans 

or 
clover 

Fal. 
low 

Beans 

or 
clover 

Pal- 
low 

Beans 

or 
clover 

Pal- 
low 

Beans 

or 
clover 

Fal- 
low 

Beans 

or 
clover 

Pal-   B«f* 

SWEDISH  TURNIPS. 

Roots  • 

Rotation     .    .    . 
Continuous  *  .    . 

.Rotn.+  or— cont. 

lb. 

500 

3-48 

lb. 

8-04 
8-48 

lb. 

4-40 

8-48 

lb. 

2-82 

8-48 

lb. 
22-49 
12-08 

lb. 
21-67 
12-08 

lb. 
25-05 
12-08 

12-97 

lb. 
34-86 
12-08 

12-78 

lb. 
66-62 
39-51 

lb.    I     lb.    1    lb. 
67-99     72^48    e8-&3 
39-51  1    39-51    89-51 

1-52 

1-07 
0-94 

-0-44 

0-92 

-0-66  i 

10-41 

9-59  1 

27-11     28-48  ,  33-97 

mys 

Leaves- 

Rotation     .    .    . 

Continuous  *  .    . 

.Rotn.  +  or  —  cont. 

0-95 
0-94 

1-04 
0-94 

0-98 
0-94 

3-60 
3-38 

0-22 

3*96 
3-88 

0-68 

3-77 
2-88 

0-39 

3-81 
3*38 

8-66 
9-98 

10-82 
9-98 

9-89 
9-98 

1«5 
9«S 

0-13 

6-07 
4-42 

0-01 

0-10 

-0-01 

0-93  (-1-32 

0-34i|-OH)9!    («r 

78-31      82-37    78-78 
49-491    49-49    49-49 

Total    ■ 

Rotation     .    .    . 
Continuous  *  .    . 

,Rotn.-f-or— cont. 

3-99 
4-42 

-0-48 

5-44 
4-42 

"3-75 
4-43 

-0-67 

2509 
14-46 

84-63 
14-46 

27-82 
14-46 

2817 
14-46 

75-28 
49-49 

1-65 

1-02 

10-63 

10-17 

13-36 

18-71 

25-79 

88-82 

32-88 

39-39 

BARLEY. 


Grain 


Rotation     .    . 
Continuous     . 

,Rotn.+  or— cont 


i  Rotation  .  . 
Continuous  . 
Rotn.+  or —cont 


(Rotation  .  . 
Continuous  . 
Rotn.+  or— cont 


8-18 
5-03 


310 

10-83 
6-45 


_4-38^ 

18-96 
11-48 

7-48" 


8-38 
5-03 


3-35 


11-81  I 
»-45i 


7-97 
5-03 


2-94 


10-52 
6-45 


6-36  ;     4-07 


20-19 
11-48 


8-71 


18-49 
11-48 


7-151 

2-12  r 


10-09 
6-45 


8-64 


7-01 


■17-24 
11-48 


5-76 


8-09 
6-59 

7-85 
6-59 

10-23 
6-59 

10-66 
6*69 

4-06 

1-50 

1-26 

8-64 

1210 
7-08 

9-32 
708 

9-50 
7-03 

12-54 
7-03 

2-29 

17-41 
18-62 

2-47 

17-35 
18-62 

3-73 

5-07 

22-33 
i  13-62 

8-71 

5-51 

23-19 
13-62 

9-67 

3-79 

12-33 
n-32 


13-63 

14-33 


-1991-1-80 


18-41 
21-00 


18-97 
21-00 

-2-59  1-2-03 

30-'74 


35-32 


31-49 
35-32 


-4-58  -3-83 


BEANS  (6  COURSES),  CLOVER  (2  COURSES),  OR  FALLOW. 


[Rotation     .    .    . 
Corn     -j  Continuous .    .    . 

7-36 
3-98 

7-83 

3-98 

735 

8-46 

8-79 
8-46 

5-38 

4-01 
1-82 

2-19 

12-80 
5-28 

7-62 

15-80  i 
8-94  1 

6-26  i 

17-35 
8-94 

I  Rotn.+  or  —  cont* 

4-28 

4-26 

3-89 

3-47 
1-82 

1-65  1 

10-82 
5-28 

. 

»S1 

Rotation      .    .    . 
Straw  •  Continuous     .    . 

3-87 
1-54 

3-87 
1-54 

6-96' 
4-33 

2-63 

7-21 
4-33 

lRotn.+ or  —  cont. 

1-33 

1-33 

3-« 

Rotation     .    .    . 
Total    •  Continuous     .    . 

1013 
4-52 

1010 
4-52 

5-6«' 

■29-67 
? 

32-16 
13-27  1 

24*46 
13-27 

Rotn.+  or —cont. 

5-61 

6  64  1 

57-68 
? 

8-89 

123-121 
? 

111» 

riftv^r  J  Rotation      .    .    . 
l^iover  ^  Continuous     .    . 

84-18 
? 

65-48 
? 

133-62 
? 

Average  of  8  courses,      ) 
beans  and  clover         j 

1614 

•  14-99 

23-58 

25-96 

47-40 

61-50 

WHEAT. 


(Rotation  ..  .  . 
Continuous  .  . 
Rotn.+or— cont. 


Straw 


Rotation     .    .    . 
Continuous     .    . 

,  Rotn.+  or —cont. 


(Rotation  .  .  . 
Continuous  .  . 
Rotn.+  or— cont. 


8-65 
4-45 


4-20 


19-12 
8-49 


10-63 


27-77 
12-94 


14-83 


8-08 
4-45 


8-63 


17-94 
_8-49 

9-46 

26-02 
12-94 

18-08 


8-48 
4-45 


3-97 

18-30 
8-49 

_9;81 

26-72' 

jm 

13-78 


7-26 
^45 

2-81 


16-31 
_8-49 

_7^2 

•23-67 
12-94 


10-63 


9-55 
5j27 

4-28 


30  25 
10-00^ 

10^25^ 

29-80 
15^27 

14-63 


9-39 
5-27 


19-14 
j_q;00 

9-14 

28-63 
15-27 


13-36 


9-69 
5-27 


10-06 
5-27 


4-42 


20-46 
10-00 

10-46^ 
30-14 
1*J?7_ 
14-87 


_4-79 

20-21 
10-00 


30-27 
15-37 


15-00 


9-90 
_8-13 

_l-78 

25-85 
18  81 

7-04 


35'7.'i 
26-93 

6-82 


10-82 
_8-l2^ 

_2'70 

37-47 

18-81 


8-66 

88-39 
86-93 


9-55 
8-13 


1-48 


26-31 
18-81 


7-40 


11-36 


85-76 
36-98 

8-83 


10-78 
27lV 

mi 

8'7-«0" 
^-93 

10-97' 


*■  Galcilated  on  average  produce  of  19  years,  1849-68  and  1856-70.    ■  Probably  crop  too  low  owing  to  a  ddL 
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greatly  increased  development  of  fibrbas  feeding  root  under  the 
influence  of  the  phosphatic  manure.  With  the  mixed  manure, 
however,  containing  potash,  there  was  about  three  times  as 
mndi  of  it  taken  up  as  with  superphosphate  alone.  But,  with 
the  supply  of  potash  there  was  also  a  liberal  supply  of  available 
nitrogen,  to  which  the  greatly  increased  growth  is  largely  to 
be  attributed ;  and  with  the  increased  luxuriance  much  more 
potash  was  of  course  required  if  there  were  to  be  a  correspond- 
ingly increased  formation  of  the  characteristic  non-nitrogenous 
product  of  the  cultivated  root-sugar.  Thus,  we  have — without 
manure  only  4  to  6  lb.  of  potash  taken  up,  with  superphosphate 
(without  potash)  from  25  to  28  lb.,  and  with  the  mixed  manure, 
supplying  besides  phosphoric  acid  both  nitrogen  and  potash, 
^nearly  80  lb.  of  potash  per  acre  per  annum  in  the  crops. 

Comparing  the  amounts  of  potash  in  the  rotation  crops  with 
those  in  the  continuously  grown  ones,  it  is  seen  that — ^without 
manure,  and  practically  no  growth,  there  was  but  little  differ- 
ence in  the  amounts  taken  up ;  with  superphosphate  there  was 
little  more  than  half  as  much  taken  up  in  the  continuous  as  in 
the  rotation  crops;  whilst  with  the  mixed  manure,  with  full 
supply  of  potash,  and  much  larger  amounts  of  it  in  both  the 
rotation  and  continuous  crops,  there  was  rather  less  than  two- 
thirds  as  much  in  the  continuous  as  in  the  rotation  crops. 
The  deficient  amounts  in  the  continuous  crops  are,  however,  as 
in  the  case  of  the  other  constituents,  coincidents  of  the  less 
amounts  of  produce  of  the  continuous  crops;  which,  as  has 
been  pointed  out,  were,  in  the  case  of  the  superphosphate  plot, 
due  partly  to  the  greater  exhaustion  of  available  nitrogen  of  the 
surface  soil  with  the  continuous  growth,  but  partly  also  to  the 
unfavourable  mechanical  condition  of  the  soil  induced  by  such 
growth ;  and  this  was  probably  the  chief  cause  of  the  deficient 
produce  in  the  case  of  the  mixed  manure  crops  also. 

The  Potash  in  the  Barley  Crops. — ^The  second  division  of 
Table  IX.  records  the  results  on  this  point. 

In  the  case  of  the  turnips  it  was  found  that  much  more 
potash  was  accumulated  in  the  roots  than  in  the  leaves ;  and 
this  fact  was  assumed  to  be  connected  with  the  greater  amount 
of  the  carbohydrate — sugar — in  the  roots  than  in  the  leaves. 
The  results  relating  to  the  barley  show,  however,  that  there 
was  in  every  case  more,  and  in  some  much  more,  potash  in  the 
straw  than  in  the  grain.  On  this  point  it  is  to  be  observed, 
not  only  that  the  root-crop  is  taken  up  when  still  in  the 
vegetative  stage,  and  its  contents  are  still  in  the  condition  of 
reserve  or  migratory  material,  whilst  in  the  case  of  the  cereal 
the  crop  is  ripened,  and  its  constituents  are,  therefore,  more 

D 


50  Botation  of  Oropt. 

fixed.  Fnrtiher,  whilst  in  the  tamip-crop  there  was  several 
times  as  much  dry  substance  in  the  roots  as  in  the  leaves,  in 
the  barley  there  was  even  more  dry  organic  substance  in  the 
straw  than  in  the  grain.  Again,  in  both  crops,  by  far  the  larger 
proportion  of  the  dry  substance  consists  of  carbohydrates — iq 
the  one  chiefly  sugar,  and  in  the  other  almost  exclusively  starch 
and  cellulose — ^the  latter  making  up  by  far  the  greater  portion 
of  the  dry  substance  of  the  straw.  It  is  obviously  quite  con- 
sistent that  under  these  circumstances  there  should  be  more  of 
the  total  potash  of  the  barley  crop  accumulated  in  the  straw 
than  in  the  grain.  It  must  at  the  same  time  be  observed  that, 
whilst  the  potash  in  the  grain  is  comparatively  fixed  and  bears 
a  fairly  uniform  relation  to  the  amount  of  dry  substance,  the 
quantity  which  remains  in  the  straw  is  subject  to  great  varia- 
tion in  proportion  to  the  dry  matter,  according  to  the  variation 
in  the  supply  of  it  within  the  soil — ^a  great  excess  above  the 
amount  in  other  cases  being  sometimes  found  in  the  straw. 
Indeed,  the  figures  show  a  considerably  greater  proportion  of 
the  total  potash  of  the  crop  accumulated  in  the  straw  where 
there  was  a  liberal  supply  of  it  in  manure. 

Referring  to  the  amounts  of  potash  taken  up  in  the  rotation 
barley  crops  on  the  different  plots,  according  to  the  manuring  or 
other  treatment,  the  figures  show  that  there  was  not  much  dif- 
ference between  the  amounts  without  manure  and  with  super- 
phosphate alone.  There  was,  however,  distinctly  more  taken 
up  on  the  portions  of  the  superphosphate  plot  where  the  roots 
had  not  been  removed  than  where  they  were ;  and  where,  there- 
fore, there  was  conservation  for  the  succeeding  crop.  With  the 
mixed  manure,  however,  with  its  supply  of  potash  as  well  as  of 
phosphoric  acid  and  nitrogen,  the  amount  of  potash  in  the  crops 
is  greatly  increased,  the  increase  corresponding  closely  with  the 
increased  amount  of  produce. 

Lastly  in  regard  to  the  potash,  whilst  without  manure  and 
with  superphosphate  alone  the  rotation  barley  has  gathered 
mnch  more  than  the  continuously  grown,  with  the  mixed 
manure  and  full  supply  of  all  constituents,  the  amounts  of 
potash  taken  up  were,  as  were  those  of  nitrogen  and  phosphoric 
acid,  nearly  the  same  in  the  rotation  and  the  continuous  crops 
where  in  rotation  the  preceding  roots  had  not  been  removed ; 
but  where  they  had  been  removed,  the  amounts  of  potash  in  the 
succeeding  barley  were  less,  as  were  the  crops  themselves. 

The  Potash  in  the  Legumiruma  Crops,— 0{  all  the  mineral 
constituents  of  the  crops,  perhaps  potash  and  lime  are  the  most 
generally  recognised  as  having  some  distinctive  effects  when 
applied  as  manure  for  leguminous  crops.    We  have  now  to  refer 
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to  tbe  records  relating  to  the  potash  in  these  crops,  as  given  in 
the  third  division  of  Table  IX. 

The  figures  show  that,  in  the  case  of  the  beans,  unlike  that 
of  the  cereals,  there  is  much  more  potash  in  the  com  than  in 
the   straw  ;  indeed,  more   than  twice  as  much  of  the  potash 
of  the  crops  was  accumulated  in  the  com  as  in  the  straw; 
indicating,  therefore,  a  special  requirement  of  it  for  the  forma- 
tion of  the  final  and  most  fixed  product  of  the  plant — the  seed. 
Looking  to  the  amounts  of  potash  per  acre  in  the  total  pro- 
duce, com  and  straw  together,  of  the  rotation  beans,  it  is  seen 
that  they  take  up  very  little  more  under  the  influence  of  the 
superphosphate  than  without  manure ;  the  quantities  averaging 
about  10  lb.  per  acre  without  manure,  and  scarcely  12  lb.  with 
superphosphate.     With  the  mixed   manure,  however,  directly 
supplying  potash  for  the  previous  root-crop,  the  amounts  of  it 
taken    up   were,   in  the  one  case    22*16,   and   in  the  other 
24'4'6  lb.,  or  about  twice  as  much  as  with  the  superphosphate 
alone.     The  influence  of  the  previous  supply  of  potash  on  the 
amounts  of  it  taken  up  in  the  beans  was,  in  fact,  much  greater 
than  was  that  of  the  supply  of  phosphoric  acid  on  the  amounts 
of  it  taken  up. 

But,  as  in  the  case  of  the  phosphoric  acid,  so  also  in  that  of 
the  potash,  the  continuously  grown  beans  took  up  only  about 
half  as  much  as  those  grown  in  rotation ;  proportionally  more, 
however,  where  it  had  been  supplied  than  where  it  had  not. 
It  will  be  remembered  that,  when  discussing  the  amounts  of 
produce  of  the  bean  crops,  attention  was  called  to  the  fact  that 
throughout  the  experiments  a  really  good  ag^cultural  crop  was 
scarcely  ever  obtained ;  and  this  of  course  must  be  taken  into 
account  when  considering  the  amounts  of  the  several  constitu- 
ents of  the  crops. 

Comparing  the  amounts  of  potash  stored  up  in  the  rotation 
clover  with  those  in  the  rotation  beans,  it  is  seen  that,  even 
without  manure  and  with  very  small  produce,  the  clover,  with 
its  greater  root-range  and  longer  period  of  growth,  gathered  up 
about  three  times  as  much  potash  as  the  beans — about  30  lb. 
against  only  about  10  lb.  in  the  beans. 

With  superphosphate  alone,  whilst  the  bean  crops  contained 
only  10-82  and  1280  lb.  of  potash,  the  clover  contained  57-63 
and  65*48  lb.  That  is,  under  the  influence  of  the  phosphatic 
manure,  probably  partly  on  the  plant  and  partly  on  the  soil,  the 
clover  had  accumulated  in  the  removed  crop  five  or  six  times  as 
much  potash  as  the  beans,  from  the  soil  itself;  whilst,  of  the 
phosphoric  acid  itself,  little  more  than  twice  as  much  was  taken 
up  in  the  clover  as  in  the  beans  under  the  influence  of  the 
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superphosphate  without  potash.  It  would  thus  appear  that 
the  beneficial  effects  of  the  phosphatic  manure  on  the  clover 
were  largely  connected  with  the  increased  capability  of  the  plant 
to  take  up  more  potash. 

With  the  mixed  manure,  supplying  a  large  amount  of  potash, 
the  amount  of  it  found  in  the  clover  crops  was,  however,  much 
greater  still.  Both  in  the  beans  and  in  the  clover  the  amount 
of  potash,  in  the  crops  grown  under  the  influence  of  the  direct 
supply  of  it  was  about  twice  as  much  as  those  grown  with 
superphosphate  without  potash.  But  whilst,  under  the  influ- 
ence of  the  supply  of  it,  the  shorter-lived,  more  meagrely  root- 
ing, and  less  successfully  grown  bean  crops  stored  up  only 
2216  and  24*46  lb.  of  potash,  the  clover  crops  contained  in 
one  case  123-12  lb.,  and  in  the  other  132*62  lb. 

The  very  much  larger  proportion  of  the  total  potash  of  the 
bean  crops  which  is  found  in  the  com  than  in  the  straw  would 
seem  to  indicate  its  greater  importance  in  connection  with  the 
maturing  than  with  the  merely  vegetative  and  accumulating 
tendencies  of  growth ;  yet  the  increased  amount  of  it  taken  up 
by  the  beans  coincidently  with  increased  growth,  and  the  much 
larger  amounts  of  it  in  the  clover  with  its  much  greater  amounts 
of  growth  and  produce,  and  harvested  as  it  is  in  the  unripened 
condition,  are  on  the  other  hand  indications  of  a  direct  connec- 
tion between  potash  supply  and  the  luxuriance  of  growth  or 
vegetative  activity  of  these  leguminous  crops.  Indeed,  as  already 
referred  to,  potash  manures  are  well  known  to  be  frequently 
beneficial  to  such  crops.  To  these  points  further  reference  will 
be  made  presently,  when  calling  attention  to  the  amount  of 
lime  taken  up  by  leguminous  crops. 

The  Potash  in  the  Wheat  Crops, — The  results  on  this  point 
are  given  in  the  bottom  division  of  Table  IX. 

It  has  been  seen  that  by  far  the  larger  proportion,  both  of 
the  nitrogen  and  of  the  phosphoric  acid  of  the  wheat  crops,  was 
accumulated  in  the  grain.  But  the  figures  relating  to  the  potash 
fihow  that  of  it  there  was  very  much  more  in  the  straw  than  in 
the  grain.  There  was  also  much  more,  but  not  in  so  great  a 
degree  more,  in  the  straw  than  in  the  grain  of  the  other  cereal 
— the  barley.  It  has  been  pointed  out  that  potash  is  at  any  rate 
essentially  connected  with  the  formation  of  the  carbohydrates. 
Consistently  with  this  it  was  found  that  by  far  the  larger  pro- 
portion of  the  potash  of  the  turnip  crop  was  in  the  roots,  where 
was  the  great  accumulation  of  sugar.  Again,  of  the  total  potash 
of  the  barley  crop,  the  larger  proportion  was  found  in  the  straw 
where  there  was  the  greatest  accumulation  of  carbohydrate — as 
cellulose ;  and  now,  in  the  wheat,  with  a  larger  proportion  of 
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Straw  to  grain,  and  a  proportionally  larger  amount  of  the  total 
carbohydrates  accnmalated  in  the  straw,  we  have  in  it  a  still 
larger  proportion  of  the  total  potash  of  the  crop.  It  is,  however, 
to  be  borne  in  mind,  as  has  been  pointed  out,  that  the  straw  of 
both  barley  and  wheat  frequently  contains,  besides  the  mineral 
constitnents  actually  essential  for  the  organic  formations  and 
changes,  a  more  or  less  surplus  amount  taken  up  as  the  result 
of  liberal  supply,  and  retained  by  the  plant. 

Although  there  is  doubtless  clear  foundation  in  fact  for  the 
conclusion  that  the  rdle  of  phosphoric  acid  is  more  in  connection 
with  the  formation  and  activity  of  the  nitrogenous  bodies,  and 
that  of  the  potash  with  those  of  the  non-nitrogenous  compounds, 
yet  it  is  obvious  that  in  such  a  view  we  have  only  a  partial  and 
imperfect  explanation  of  the  function  of  these  mineral  constitu- 
ents. Thus,  in  the  case  of  the  beans  there  was,  consistently 
enough,  much  more  phosphoric  acid  in  the  con^  than  in  the 
straw — that  is,  the  more  where  there  was  the  more  nitrogen  •  but 
there  was  also  by  far  the  larger  proportion  of  the  potash  accu- 
mulated in  the  com,  although  the  greater  part  of  the  dry  matter 
of  the  crop,  and  with  this  of  its  carbohydrates,  was  in  the  straw. 
Indeed,  although  the  leguminous  crops  are  pre-eminently  highly 
nitrogenous,  a  liberal  supply  of  potash  is  essential  for  their 
luxuriance ;  whilst  they  contain  a  higher  proportion  of  it  in  their 
dry  substance  than  do  the  cereals,  with  their  higher  proportion 
of  carbohydrates. 

Reference  to  the  figures  shows  that  the  application  of  super- 
phosphate, without  potash,  enabled  the  wheat  plant,  whether 
grown  in  rotation  or  continuously,  to  take  up  an  increased,  but 
not  a  much  increased,  amount  of  potash,  compared  with  that  in 
the  unmanured  crops ;  and  that  the  direct  application  of  it  in- 
creased the  assimilation  of  it  still  further,  though  the  increased 
amount  of  it  stored  up  represented  only  a  small  proportion  of 
that  supplied  in  the  manure. 

Without  manure,  the  rotation  wheat  crops  contained  an 
average  of  about  27  lb.  of  potash,  but  the  continuously  grown 
ones  scarcely  13  lb.,  or  only  about  half  as  much.  With  super- 
phosphate, without  potash,  the  rotation  crops  gave  an  average 
of  nearly  80  lb.,  and  the  continuously  grown  ones  little  more 
than  15  lb. ;  or,  again,  only  about  half  as  much.  That  is,  when 
the  growing  crops  had  to  rely  for  their  potash  exclusively  on  the 
stores  of  the  soil  itself,  the  rotation  crops  took  up  about  twice 
&s  much  as  the  continuous.  Lastly,  with  the  mixed  manure 
supplying  potash,  the  rotation  wheat  crops  gathered  nearly  36  lb. 
ftfter  fallow,  but  about  38  lb.  after  the  leguminous  crops ;  whilst 
the  continuously  grown  ones  yielded  an  average  of  only  about 
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27  lb.  That  is,  althongli  in  the  case  of  the  rotation  wheat 
crops  three  other  crops  had  been  grown  since  the  application  of 
the  manure,  .they  took  up  more  potash  than  the  continnonsly 
grown  ones  for  which  potash  was  annually  supplied. 

So  much  for  the  results  relating  to  the  amounts  of  the  two 
important  and  typical  mineral  constituents — phosphoric  acid 
and  potash — ^taken  up  by  the  different  crops  when  grown,  respec- 
tiyely,  in  rotation  and  continuously,  under  different  conditions 
as  to  manuring,  and  other  treatment.  Similar  results  relating 
to  other  mineral  constituents  of  the  crops  have  been  got  out,  and 
the  discussion  of  some  of  them  brings  to  view  points  of  consider- 
able interest,  but  neither  time  nor  space  will  admit  of  their  con- 
sideration here.  It  must  suffice  to  refer  briefly  to  the  amounts 
of  lime  taken  up  by  the  leguminous  crops  under  different  con- 
ditions ;  a  point  which  has  an  interesting  relation  to  the  results 
as  to  the  potash  taken  up  by  those  crc^s,  and  to  the  questions 
which  arose  in  the  discussion  of  them. 

The  Amounts  of  Lime  in  the  Rotation^  arhd  in  the  Continuous 

Leguminous  Crops. 

The  following  Table  (X.)  gives,  for  the  leguminous  crops 
alone,  the  amounts  of  lime  in  the  rotation  and  in  the  continuous 
crops,  in  the  same  form  in  which  the  phosphoric  acid  and  potash 
have  been  given  for  each  of  the  four  crops  of  the  rotation. 

Very  different  from  what  was  found  to  be  the  case  with  the 
potash,  it  is  seen  that  in  the  rotation  bean-crops  a  very  small 
proportion  of  the  total  amount  of  lime  is  accumulated  in  the 
com;  ten,  twelve,  or  more  times  as  much  being  found  in  the  straw. 
Then,  the  amounts  of  lime  in  the  total  crops  were — without 
manure  between  15  and  16  lb. ;  with  superphosphate,  which  of 
course  supplied  some  lime,  the  quantity  was  raised  to  18*68  and 
20*71  lb. ;  and  with  the  mixed  manure,  also  supplying  the  same 
amount  of  lime  in  its  superphosphate,  it  was  further  raised  to 
26*57  and  27*71  lb.  It  is  further  seen,  that  the  continuously 
grown  beans  contained — ^in  com,  straw,  and  total  produce— in 
some  cases  only  about,  and  in  others  not  much  more  than,  half 
as  much  lime  as  the  rotation  ones. 

It  is  remarkable,  however,  that  whilst  without  manure  the 
rotation  bean-crops  contained  only  from  15  to  16  lb.  of  lime, 
the  clover  contained  67*8  and  59*1  lb. ;  with  superphosphate 
the  beans  gave  18*68  and  20*71  lb.,  and  the  clover  158*62  and 
184*52  lb.,  or  about  eight  times  as  much  as  the  beans;  and 
lastly,  with  the  mixed  manure,  the  bean-crops  contained  26*57 
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and  27-71  lb.,  and  the  clover  181*75  and  19514  lb.  of  lime,  or 
about  seven  tinifB  as  much  as  the  beans. 

An  increased  amount  of  lime  is,  therefore,  even  more  directly 
connected  with  increased  luxuriance  and  increases!  production, 
than  is  an  increased  amount  of  potash  taken  up.  llien,  again, 
the  increased  amount  of  potaeQi  was  apparently  more  or  less 
directly  connected  with  tendency  to  maturation  or  seed-forma- 
tion ;  but  the  lime  is  found  chiefly  in  the  straw  of  the  beans,  and 
to  be  enormously  increased  in  amount  in  the  clover,  which  does 
not  ripen,  but  is  cut  whilst  still  in  the  vegetative  condition.  The 

Table  X. — Average  amounts  of  Lime  per  acre  per  annum  in  the 
Eotaiionj  and  in  the  continuously  grown,  Legu/minovs  Crops. 


Unmanared 

Superphosphate 

Mixed  mineral  and 
nitrogenous  manure 

Boots  oarted 

1 

BootBfed 

Boots  carted 

Boots  fed 
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Fal- 
low 

Beana 

or 
cloTerj 

Fal- 
low 

Beans 

or 
clover 

Fal- 
low 

Beans 

or 
clover 

Fal. 
low 

Beans 

or 
olover 

Fal. 
low 

Beans 

or 
clover 

low 

Beans 

or 
clover 

BBANS  (6  GOUBSES),  OLOVBB  (3  OOURSKB),  OB  FiXLOW. 

Cora 

Botatlon.   .    . 
Oontinuons . 

Botn.+  or  —  cent. 

lb. 

1*16 

0-47 

lb. 

1-14 

0-47 

lb. 

1-10 

vtT3 

lb. 

1*83 

0-63 

lb. 

310 

1-34 

0-86 

lb. 

3-38 

1-34 

(H)8 

0-67 

0-68 

0-80 

1 

1-14 

StiaW' 

Botation.    .    •   . 
Oontinuous .    .    . 

Botn.+  or  — cent 

14-61 
7-8« 

14-66 
7-85 

17-68 
986 

19-89 
9-86 

34-47 
16-08 

36-33 
U^OS 

6-76 

6*81 

833 

1003 

9-39 

1 
1 

10-25 

Total. 

Botation.    .    .    . 
Continuous .    .    . 

Botn.+  or  — oont. 

15-76 
8-83 

16-80 
8-83 

18-68 
9-88 

3071 
9*88 

36-67 
16-83 

37-71 
16-83 

7-44 

7-48 

8-80 

10-83 

10-85 

11-39 

Clorar  i  Botatlon  .... 

"'^■^  1  Continuous .    .    . 

67-84 
? 

»69-10 
? 

ft 

168-63 
? 

184-53 
? 

181-75 
? 

66-86 

1 

19514 

Average  of  8  courMS, ) 
beans  and  dovor    )      ' 

3878 

>36-68 

68*67 

61-66 

1 

69-57 

7 


^  Probably  crop  too  low  owing  to  a  dell. 

indication  is,  therefore,  that  the  lime  is,  both  actually  and  as 
compared  with  the  potash,  much  more  directly  connected  with 
the  accumulative  or  vegetative,  as  distinguished  from  the  matu- 
ring processes  of  the  plant.  Certain  it  is,  at  any  rate,  that  a 
largely  increased  accumulation  of  lime  is  a  coincident  of  increased 
luxuriance  in  both  crops  ;  and  it  is  especially  so  in  the  case  of 
the  crop  the  amount  of  which  depends  on  the  extension  of  the 
vegetative  stages  of  development,  and  the  production  of  a  large 
amount  of  crude  or  unripened  vegetable  substance. 
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Thas,  then,  the  actual  and  relative  importance  of  potash  and 
lime  in  the  growth  of  the  highly  nitrogenous  legnminous  crops 
is  clearly  illustrated  in  the  acreage  amounts  given,  of  potash  in 
the  third  division  of  Table  IX.,  and  of  lime  in  Table  X.  But 
the  study  of  the  percentage  composition  of  the  ashes  of  the 
crops,  and  especially  of  both  the  percentage  composition  of  the 
ashes,  and  the  amount  of  the  constituents  per  acre,  in  the  bean 
plant  taken  at  different  stages  of  its  growth,  and  of  somewhat 
similar  results  relating  to  the  first,  second,  and  third  crops  of 
clover,  affords  further  confirmation  of  the  conclusions  which 
have  been  drawn  from  the  results  already  considered.  It  will 
be  impossible  to  go  into  any  detail  here  in  regard  to  these 
further  results,  and  it  must  suffice  to  state  very  briefly  their 
general  indications. 

The  bean-plant  ash  analyses  showed  that,  on  the  average, 
about  75  per  cent.,  and  at  the  time  of  pod  formation  nearly  80 
per  cent.,  of  the  total  ash  consisted  of  lime,  potash,  and  carbonic 
acid.  Compared  with  these  results,  those  relating  to  the  more 
highly  nitrogenous  clover,  which  is  not  allowed  to  ripen,  but  ia 
cut  when  it  reaches  the  blooming  stage,  so  inducing  re-growth 
and  extension  of  the  more  specially  vegetative  stages,  show  that 
from  about  80  to  about  84  per  cent,  of  the  total  ash  consisted  of 
lime,  potash,  and  carbonic  acid.  But  whilst  in  the  ash  of  the 
ripened  corn-yielding  bean-crop  there  was  about  one-and-a-half 
time  as  much  potash  as  lime,  in  that  of  the  merely  vegetating 
unripened  clover  there  was  twice  or  even  three  times  as  much 
lime  as  potash.  Further,  in  the  ash  of  the  first  and  third  crops 
of  clover,  which  would  be  the  most  succulent  and  unripe,  the 
relative  excess  of  lime  over  potash  is  much  greater  than  in  that 
of  the  second  crop,  which  develops  at  the  period  of  the  season 
when  the  seed-forming  tendency  is  much  the  greater.  Again, 
in  the  clover  ashes  there  was  about  one-and-a-half  time  as  much 
carbonic  acid  as  in  the  ash  of  the  ripened  bean  plant.  It  is 
thus  further  illustrated  that  a  peculiarity  of  the  composition  of 
these  pre-eminently  nitrogen-assimilating  elements  of  rotation 
is,  that  their  ashes  consist  chiefly  of  lime,  potash,  and  carbonic 
acid ;  that^  the  potash  predominates  in  the  ripened  and  less 
nitrogen-yielding  bean-crop;  and  that  the  lime  and  carbonic 
acid  predominate  in  the  continuously  vegetating  and  much 
more  largely  nitrogen-accumulating  clover. 

Referring  to  the  probable  or  possible  significance  of  these 
facts,  it  is  obvious  that,  so  far  as  the  nitrogen  of  the  plant  is 
taken  up  as  nitrate  of  a  fixed  base,  that  base,  so  far  as  it  does 
not  pass  back  into  the  roots,  will  remain  in  the  above-ground 
parts  of  the  plant,  most  probably  in  combination  with  an  organic 
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acid,  which  will  be  converted  into  carbonic  acid  in  the  incinera- 
tion, and  be  foand  as  such  in  the  ash,  if  not  expelled  by  an 
excess  of  fixed  acid,  or  by  silica. 

In  the  case  of  the  cereals  of  the  rotation,  it  is  probable  that 
most  if  not  all  of  their  comparatively  small  amount  of  nitrogen 
is  taken  np  as  nitrate.  Potash  is  by  far  the  predominating  base 
in  the  ash  of  the  grain,  straw,  and  total  produce;  lime  is  in 
much  less  amount,  both  actually  and  in  equivalency;  and 
magnesia  is  in  less  amount  still,  though  it  is  a  characteristic 
constituent  of  the  grain-ashes.  There  is  practically  no  carbonic 
acid  in  either  wheat  or  barley  grain-ash,  and  but  little  in  the 
straw-ash ;  and  if  there  have  been  organic  acid  salts  formed  with 
the  base  of  the  nitrate,  the  carbonic  acid  may  have  been  expelled 
in  the  incineration,  by  the  excess  of  fixed  acid  in  the  grain- 
ash,  or  by  silica  in  the  straw-ash. 

Taking  the  produce  by  the  mixed  manure  as  the  most 
normal,  the  root-crops  of  the  rotation  come  next  in  amount  of 
nitrogen  assimilated  over  a  given  area.  Potash  and  lime  are 
the  predominating  bases.  There  is  much  more  potash  than 
lime  in  the  more  definite  product — the  root ;  but  the  proportion 
of  lime  to  potash  is  much  greater  in  the  leaf-ash,  as  would  be 
expected  if  the  nitrogen  had  been  taken  up  chiefly  as  calcium 
nitrate,  and  the  nitric  acid  subjected  to  decomposition  in  the 
leaves. 

Lastly  come  the  LeguminossB,  with  their  much  higher 
amounts  of  nitrogen  assimilated.  These  plants  also  doubtless 
derive  at  any  rate  much  nitrogen  from  nitrates  in  the  soil  and 
subsoil ;  and  it  has  been  shown  that  their  great  assimilation  of 
nitrogen  is  associated  with  very  large  amounts  of  lime  and 
carbonic  acid  in  their  ashes. 

Referring  to  the  results  with  the  rotation  beans  grown  by 
the  mixed  manure,  calculation  shows  that,  taking  the  total 
crop,  com  and  straw  together,  it  contained  very  much  less  lime 
than  would  be  required  if  the  whole  of  its  nitrogen  had  been 
taken  up  as  calcium  nitrate ;  so  that,  either  part  of  the  nitrogen 
must  have  been  taken  u^  as  nitrate  of  some  other  base,  or  in 
some  quite  different  state  of  combination,  or  as  free  nitrogen ;  or 
some  of  the  lime  must  have  been  eliminated  from  the  above- 
ground  parts  of  the  plant  into  the  roots,  and  possibly  some  of  it 
passed  from  them  into  the  soil.  Again,  the  amount  of  carbonic 
acid  found  in  the  ashes  of  the  crop  for  100  of  nitrogen  in  it. 
would  require  about  one-and-a-half  time  as  much  lime  as  was 
found  in  association  with  it ;  indicating  the  probability  that  part 
of  the  nitrogen  taken  up  as  nitric  acid  was  as  the  nitrate  of  some 
other  base — potash,  and  possibly  to  some  extent  soda  also. 
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Turning  to  the  results  with  the  rotation  clover  grown  hj 
the  mixed  manure,  calculation  shows  that  in  the  case  of  this 
continuously  vegetating,  unripened,  and  much  higher  nitrogen- 
yielding  crop,  there  was  very  much  more  of  both  lime  and  carbonic 
acid  in  the  ash  for  100  of  nitrogen  assimilated  than  in  the  total 
bean-crop.  If,  however,  the  whole  of  the  nitrogen  of  the  clover 
crops  had  been  taken  up  as  calcium  nitratOi  it  would  have 
required  nearly  twice  as  much  lime  as  the  amount  found,  pro- 
vided the  whole  of  it  remained;  nor  would  the  amounts  of 
potash  and  soda  found  suflSce  to  make  up  the  balance.  Again, 
the  amount  of  carbonic  acid  found  is  little  more  than  two-thirds 
as  much  as  would  be  required  to  represent  organic  acid  equiva- 
lent to  the  amount  of  nitric  acid  subjected  to  change.  Either, 
therefore,  fixed  base,  partly  in  combination  with  organic  acid, 
must  have  been  eliminated  firom  the  above-ground  parts  of  the 
plant,  and  passed  into  the  roots,  and  possibly  into  the  soil,  or  a 
good  deal  of  the  nitrogen  must  have  been  taken  up  in  some 
other  form  than  as  nitrate ;  possibly  in  part  as  organic  nitrogen 
taken  up  from  the  soil  by  the  agency  of  the  acid  sap ;  or,  in 
part  as  free  nitrogen,  probably  brought  into  combination  under 
the  influence  of  micro-organisms  within  the  nodules  found  on 
the  roots  of  leguminous  plants,  the  resulting  compound  being 
either  directly  available  as  a  source  of  nitrogen  to  the  host,  or 
it  may  be  so  only  after  it  has  itself  suffered  change. 

However  this  may  be,  considering  the  very  characteristic 
differences  in  the  mineral  composition  of  the  different  crops  of 
rotation  according  to  the  amounts  of  nitrogen  they  assimilate, 
the  fact  that  undoubtedly  the  highly  nitrogenous  Leguminosss 
do  take  up  at  any  rate  a  large  proportion  of  their  nitrogen  as 
nitrate,  and  that  the  greater  the  amount  of  nitrogen  assimilated 
the  more  is  the  ash  characterised  by  containing  fixed  base,  and 
especially  lime,  in  combination  with  carbonic  acid,  it  seems  very 
probable,  if  not  indeed  established,  that  the  office  of  the  lime, 
and  partly  that  of  the  other  bases  also,  is  that  of  carriers  of 
nitric  acid ;  which,  when  transformed,  and  the  nitrogen  assimi- 
lated, leaves  the  base  as  a  residue,  presumably  in  combination 
with  organic  acid.  Further,  the  power  of  these  plants  to  assimi- 
late so  very  much  more  nitrogen  over  a  given  area  than  the  other 
crops  may,  at  any  rate  in  part,  be  dependent  on  their  being 
able,  by  virtue  of  the  range  and  character  of  their  roots,  to 
gather  up  more  nitrogen  in  the  form  supposed  than  the  plants 
with  which  they  are  alternated.  Such  a  view  does  not,  how- 
ever, exclude  tiie  supposition  that  some  of  their  nitrogen  is 
derived  in  other  ways,  as  above  referred  to. 

In  connection  with  the  foregoing  results  of  direct  experi- 
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mental  investigatioii  into  the  mineral  composition  of  legnminouB 
crops,  it  may  be  observed — ^that  clover  at  any  rate  grows  more 
favourably  on  land  that  has  recently  been  chalked  or  Umed ;  that 
chalking  or  liming  of  the  mixed  herbage  of  grass  land  also 
favours  the  development  of  the  legiuninons  herbage ;  and  that 
the  application  of  gypsum  to  clover  has  been  found  very  effective 
on  some  lands,  especnally  in  America,  though  it  has  not  proved 
to  be  at  all  generally  useful  when  it  has  been  so  applied  in  this 
country.  Indeed,  the  direct  application  of  potash  as  manure  is 
certainly  more  frequent,  and  is  more  generally  fecognised  as 
effective  for  leguminous  crops,  than  is  that  of  lime,  notwith- 
standing its  obvious  importance,  and  its  great  influence  on  the 
luxuriance  of  growth  of  sucb  crops.  This  may  perhaps  be 
partly  explained  by  the  fact  that,  in  many,  if  not  in  most, 
soils,  the  immediately  available  supply  of  potash  within  the 
root-range  of  the  plant  will  probably  be  sooner  exhausted 
than  will  that  of  lime. 

Summary  and  General  Conclusions. 

It  remains,  in  conclusion,  very  briefly  to  summarise  the  facts 
brought  out  in  this  extended  inquiry  on  the  subject  of  rotation, 
and  to  endeavour  to  draw  from  them  an  explanation  of  the 
benefits  arising  from  the  practice  of  it. 

At  the  commencement  it  was  pointed  out,  that  although 
many  different  rotations  are  adopted,  they  may  for  the  most 
part  be  considered  as  little  more  than  local  adaptations  of  the 
system  of  alternating  root-crops  and  leguminous  crops  with  the 
cereals.  Thus,  there  are  rotations  of  five,  six,  seven,  or  more 
years.  But  these  variations  are,  in  most  cases,  only  adap- 
tations of  the  principle  to  variations  of  soil,  altitude,  aspect, 
climate,  markets,  and  other  local  conditions ;  and  they  consist 
chiefly  in  the  variation  in  the  description  of  the  root-crop,  and 
perhaps  the  introduction  of  potatoes;  in  growing  a  different 
cereal,  or  it  may  be  more  tban  one  cereal  consecutively ;  in  the 
growth  of  some  other  legpiminous  crop  than  clover ;  or  the  inter- 
mixture with  the  clover  of  grass  seeds ;  and  perhaps  the  exten- 
sion of  the  period  allotted  to  this  element  of  the  rotation  to  two 
or  more  years. 

It  is  true,  also,  that,  under  any  specific  rotation,  there  may 
be  deviations  from  the  plan  of  retaining  the  whole  of  the  root- 
crop,  the  straw  of  the  grain  crops,  and  the  leguminous  fodder- 
crops,  on  the  farm,  for  the  production  of  meat  or  milk,  and,  coin- 
cidently,  for  that  of  manure  to  be  returned  to  the  land.  But  it 
is  also  true  that,  when  under  the  influence  of  special  local,  or 
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other  demand — proximity  to  towns,  easy  railway  or  other  com- 
munication, and  so  on — ^the  prodncts  which  would  otherwise  be 
retained  on  the  farm  are  exported  fiom  it,  the  import  of  town 
or  other  manures  is  generally  an  essential  condition  of  such 
practice.  Indeed,  this  system  of  free  sale  very  frequently  in- 
volves full  compensation  by  purchased  manures  of  some  kind.  In 
our  own  country,  such  deviations  from  the  practice  of  merely  sell- 
ing grain  and  meat  have  been  much  developed  in  recent  years ; 
and  they  will  doubtless  continue  to  increase  under  the  altered 
conditions  of  our  agriculture,  dependent  on  very  large  imports 
of  grain,  increasing  imports  of  meat  and  other  products  of  feed- 
ing, and  very  large  imports  of  cattle-food  and  other  agricultural 
produce.  Already  much  more  attention  is  being  devoted  to 
dairy  products,  not  only  on  grass  farms,  but  on  those  that  are 
mainly  arable ;  and  there  will  doubtless  be  some,  but  probably 
by  no  means  so  great  an  extension  as  some  suppose,  in  the 
production  of  other  smaller  articles  required  by  town  pojfnla- 
tions. 

It  is  further  true,  though  the  remark  applies  in  a  very  limited 
degree  to  our  own  country,  that  there  are  other  deviations  which 
have  more  the  character  of  exceptions  to  the  general  rule  of 
rotation,  such  as  the  introduction  of  flax,  hemp,  tobacco,  or 
other  so-called  mdustrial  crops.  But,  in  these  cases,  as  with 
potatoes,  the  growth  involves  special  expenditure  for  manure 
instead  of  conservation  of  it.  Indeed,  the  inducement  is  the 
high  price  of  the  product,  rather  than  the  maintenance,  or  the 
improvement,  of  the  condition  of  the  land  for  future  crops. 

Still,  as  such  deviations  from  regular  rotation  practice  as 
have  been  referred  to,  do,  as  has  been  said,  generally  involve 
more  or  less,  aud  frequently  full,  compensation  by  manure  from 
external  sources,  we  may,  in  endeavouring  to  explain  the  bene- 
fits which  accrue  from  the  practice  of  rotation,  confine  attention, 
for  the  purposes  of  illustration,  to  what  may  be  called  the  self- 
supporting  system,  and  to  the  simple  four-course  one  which  has 
been  selected  for  investigation  at  Bothamsted,  and  from  the 
results  relating  to  which  the  illustrations  which  have  been 
brought  forward  have  been  drawn. 

It  will  be  well  first  briefly  to  refer  to  the  evidence  relating 
to  some  of  the  more  important  mineral  constituents  found  in  the 
different  crops  of  the  fouivcourse  rotation. 

Of  phosphoric  acid,  the  cereal  crops  take  up  as  much  as,  or 
more  than,  any  of  the  other  crops  of  the  rotation,  excepting 
clover ;  and  the  greater  portion  of  what  they  take  up  is  lost  to 
the  farm  in  the  saleable  product — the  grain.  The  remainder, 
that  in  the  straw,  as  well  as  that  in  the  roots  and  the  legu- 
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minoos  crops,  is  supposed  to  be  retained  on  the  fann,  excepting 
the  small  amount  exported  in  meat  and  milk. 

OF  potaskj  each  of  the  crops  takes  up  very  much  more  than  of 
phosphoric  acid.  But  much  less  potash  than  phosphoric  acid  is 
exported  in  the  cereal  grains,  much  more  being  retained  in  the 
straw ;  whilst  the  other  products  of  the  rotation — the  roots  and 
the  Leguminos8B — which  are  also  supposed  to  be  retained  on  the 
farm,  contain  very  much  more  potash  than  the  cereals,  and  com- 
paratively little  of  it  is  exported  in  meat  and  milk.  The  general 
result  is,  that  the  whole  of  the  crops  of  rotation  take  up  very 
much  more  of  potash  than  of  phosphoric  acid,  whilst  probably 
even  less  of  it  is  eventually  lost  to  the  land. 

Of  limey  very  little  is  taken  up  by  the  cereal  crops,  and  by 
the  roots  mnch  less  than  of  potash ;  more  by  the  Leguminosas  than 
by  the  other  crops,  and,  by  the  clover  especially,  sometimes  much 
more  than  by  all  the  other  crops  of  the  rotation  put  together. 
Of  the  lime  of  the  crops,  however,  very  little  goes  in  the  saleable 
products  of  the  farm  under  the  conditions  supposed  of  a  self- 
supporting  rotation.  There  is,  however,  frequently  a  considerable 
loss  of  lime  in  land-drainage. 

Although  the  facts  relating  to  other  mineral  constituents  of 
the  crops  are  not  without  significance,  reference  can  be  made 
here  to  only  one  other  of  these  constituents — ^namely,  the  silica. 

The  interpolated  crops  of  rotation — the  Roots  and  the  Legu- 
minossB — take  np  scarcely  any  silica;  but  the  cereals  take  np 
a  very  large  amount  of  it.  Indeed,  the  large  amount  of  silica 
taken  up  by  these  crops  when  grown  under  ordinary  conditions, 
is  as  characteristic  a  chemical  phenomenon  of  rotation  as  is  the 
very  large  amount  of  lime  taken  up  by  clover  and  other  Legu- 
minos83.  Very  little  silica,  however,  is  lost  te  the  land  in  the 
assumed  saleable  products. 

Thus,  then,  although  different,  and  sometimes  very  large, 
amounts  of  these  typical  mineral  constituents  are  taken  up  by 
the  various  crops  constituting  the  rotation,  there  is  no  material 
export  of  any  in  the  saleable  products,  excepting  of  phosphoric 
acid  and  of  potash ;  and,  so  far  at  least  as  phosphoric  acid  is 
concerned,  experience  has  shown  that  it  may  be  advantageously 
supplied  in  purchased  manures. 

But,  although  the  eventual  loss  to  the  land  of  mineral  con- 
stituents is,  in  a  self-^supporting  rotation,  comparatively  so  small, 
the  very  fact  that  the  different  crops  require  for  their  growth, 
not  only  very  different  amounts  of  individual  constituents,  but 
require  these  to  be  available  within  the  soil  in  very  different  con- 
ditions, both  of  combination  and  of  distribution,  points  to  the 
conclusion  that,  in  any  explanation  of  the  benefits  of  an  alter- 
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nation  of  crops,  the  position,  and  the  rSls^  of  the  mineral  consti- 
tuents mast  not  be  o^rerlooked ;  and  the  less  can  it  be  so,  when 
their  connection  with  the  very  important  element — ^the  nitrogen 
of  the  crops — ^is  considered. 

As  to  the  nitrogen : — It  has  been  seen  that,  although  very 
characteristically  benefited  by  nitrogenous  manures,  the  cereal 
crops  take  up  and  retain  much  less  nitrogen  than  any  of  the 
crops  alternated  with  them.  In  fact,  the  root-K)rops  may 
contain  two,  or  more,  times  as  much  nitrogen  as  either  of  the 
cereals,  and  the  leguminous  crop,  especially  the  clover,  much 
more  than  the  root-crops.  The  greater  part  of  the  nitrogen  of 
the  cereals  is,  however,  sold  o£f  the  farm ;  but  perhaps  not  more 
than  10  or  15  per  cent,  of  that  of  either  the  root-crop,  or  the 
clover,  or  other  forage  leguminous  crop,  is  sold  off  in  animal 
increase  or  milk.  Thus,  most  of  the  nitrogen  of  the  straw  of  the 
cereals,  and  a  very  large  proportion  of  that  of  the  much  more 
highly  nitrogen-yielding  crops,  returns  to  the  land  as  manure, 
for  the  benefit  of  future  cereals  and  other  crops.  Indeed,  it  is,  as 
a  rule,  only  a  comparatively  small  proportion  of  the  very  much 
increased  amount  of  nitrogen  obtained  in  rotation  compared  with 
that  in  continuous  cereal-cropping  (chiefly  due  to  the  interpolated 
crops),  that  is  lost  to  the  land  in  the  saleable  products. 

As  to  the  source  of  the  nitrogen  of  the  so-called  '  restorative 
crops,'  it  has  been  shown  that  certainly  in  the  case  of  the  roots 
it  is  not,  as  has  sometimes  been  assumed,  that  such  plants  take 
up  nitrogen  from  the  air  by  virtue  of  their  extended  leaf«- 
surface.  Both  common  experience  and  direct  experiment 
demonstrate,  that  they  are  as  dependent  as  any  crop  that  is 
grown,  on  available  nitrogen  within  the  soil,  which  is  generally 
supplied  by  the  direct  application  of  nitrogenous  mannres — 
natural  or  artificial.  Under  such  conditions  of  supply,  however, 
the  root-crops,  so  to  speak  gross  feeders  as  they  are,  and 
distributing  a  very  large  amount  of  fibrous  feeding  root  within 
the  soil,  avail  themselves  of  a  much  greater  quantity  of  the 
nitrogen  supplied  than  the  cereals  would  do  under  similar 
circumstances ;  this  result  being  partly  due  to  their  period  of 
accumulation  and  growth  extending  even  months  after  the 
period  of  collection  by  tlie  ripening  cereals  has  terminated,  and 
at  the  season  when  nitrification  within  the  soil  is  the  most 
active,  and  the  accumulation  of  nitrates  in  it  is  the  greatest. 
Lastly,  full  supply  of  both  mineral  constituents  and  nitrogen 
being  at  command,  these  crops  assimilate  a  very  large  amount 
of  carbon  from  the  atmosphere,  and  produce,  besides  nitrogenous 
food-products,  a  very  large  amount  of  the  carbohydrate — sugar, 
as  respiratory  and  £Eit-forming  food  for  the  live-stock  of  the  ieirm. 
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Very  much  the  same  may  be  said  of  maize  as  grown  as  a 
fodder-crop  in  America,  as  of  roots  as  grown  in  rotation  in  other 
countries.  Thas,  there  can  be  no  doubt  that  the  maize  derives 
its  nitrogen  from  the  soil,  collecting  some  time  longer  than 
wheat,  and  availing  itself  of  the  nitrates  formed  after  the  col- 
lection by  the  wheat  has  ceased.  But,  so  far  as  the  product  is 
consumed  on  the  farm,  much  of  its  nitrogen  is  recovered  in  the 
manure — the  more  when  the  food  is  used  for  growing  or  fatten- 
ing stock,  and  the  less  when  for  the  production  of  milk. 

The  still  more  highly  nitrogenous  leguminous  crops,  on  the 
other  hand,  although  not  characteristically  benefited  by  nitro- 
genous manures,  nevertheless  contribute  much  more  nitrogen  to 
the  total  produce  of  the  rotation  than  any  of  the  other  crops 
comprised  in  it.  It  is  also  certain  that,  at  any  rate  a  large 
proportion  of  the  nitrogen  of  these  crops  is  obtained  from  the 
soil  and  subsoil ;  though  recent  investigations  have  proved  that 
some  of  their  nitrogen,  and  sometimes  much  of  it,  may  be 
derived  indirectly  from  the  free  nitrogen  of  the  atmosphere, 
brought  into  combination  under  the  influence  of  micro-organ- 
isms within  the  nodules  on  the  roots  of  the  plants. 

It  is  the  leguminous  fodder  crops,  and  among  them 
especially  clover,  which  has  a  much  more  extended  period  of 
growth,  and  much  more  extended  range  of  collection  within  the 
soil  and  subsoil,  than  any  of  the  other  crops  of  the  rotation,  that 
yield  in  their  produce  the  largest  amount  of  nitrogen  per  acre. 
Much  of  this  is  doubtless  taken  up  as  nitrate ;  yet,  the  direct 
application  of  nitrate  of  soda  has  comparatively  little  beneficial 
influence  on  their  growth.  The  nitric  acid  is  probably  taken 
up  chiefly  as  nitrate  of  lime,  but  probably  as  nitrate  of  potash 
also,  and  it  is  not  without  significance  that  the  high  nitrogen- 
yielding  clover  takes  up,  or  at  least  retains,  very  little  soda. 
The  general  result  is,  then,  that  although  undoubtedly  the 
clover  takes  up  a  good  deal  of  its  nitrogen  as  nitrate,  this  would 
seem  to  be  derived  from  accumulations  within  the  soil,  which 
are  brought  into  suitable  conditions  of  combination,  and  dis- 
tributed through  a  wide  range  of  soil  and  subsoil. 

So  much  then  for  the  benefits  of  rotation,  so  far  as  the 
requirements,  the  habits  of  growth,  and  the  capabilities  of 
gathering  and  assimilating  the  various  mineral  constituents,  and 
the  nitrogen,  of  the  difierent  crops,  are  concerned.  It  cannot  be 
doubted  that  the  difierence  in  the  amounts,  in  the  conditions  of 
combination,  and  in  the  distribution  within  the  soil,  of  the 
various  mineral  constituents,  is  at  least  an  element  in  the 
explanation  of  the  benefits  of  alternation;  nor,  on  the  other 
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hand,  can  there  be  any  doubt  that  the  facts  relating  to  the 
amount,  and  to  the  sources,  of  the  nitrogen  of  the  different 
crops,  are  of  still  greater  significance  than  are  those  in  regard 
to  the  mineral  constituents. 

But,  it  is  not  only  the  conditions  of  growth,  but  the  uses  of 
the  different  crops  when  grown,  that  have  to  be  taken  into 
account.  Thus,  the  cereals,  when  grown  in  rotation,  yield  more 
produce  for  sale  in  the  season  of  growth  than  when  grown 
continuously.  Again,  the  crops  alternated  with  them  accumu- 
late very  much  more  of  mineral  constituents  and  of  nitrogen  in 
their  produce,  than  do  the  cereals  themselves ;  and,  by  far  the 
greater  proportion  of  those  constituents  remains  in  circulation 
in  the  manure  of  the  farm,  whilst  the  remainder  yields  highly 
valuable  products  for  sale  in  the  forms  of  meat  and  milk. 

Further,  independently  of  the  benefits  arising  from  the 
difference  in  the  requirements  and  results  of  growth  of  the 
different  crops,  of  the  increased  amount  of  manure  available, 
and  of  the  increased  sale  of  highly  valuable  animal  products, 
there  are  other  elements  of  advantage  of  considerable  import- 
ance. For  example,  with  a  variety  of  crops,  the  mechanical 
operations  of  the  farm,  involving  horse  and  hand  labour,  are 
better  distributed  over  the  year,  and  are  therefore  more 
economically  performed.  Last,  but  by  no  means  least,  the 
opportunities  which  alternate  cropping  affords  for  the  cleaning 
of  the  land  from  weeds  is  a  prominent  element  of  advantage. 

Thus,  then,  the  benefits  of  rotation  are  very  various ;  and 
the  explanation  of  them,  though  largely  dependent  on  the  facts 
which  have  been  ascertained  by  scientific  investigation,  also 
largely  involves  considerations  connected  with  the  general 
economy  of  the  farm ;  and  since,  as  has  been  seen,  so  large  a 
proportion  of  the  produce  grown  is  retained  on  the  farm,  as 
stock-food  or  litter,  it  is  obvious  that  the  benefits  cannot  be 
fully  appreciated  without  arriving  at  some  definite  idea  of  the 
importance  to  the  farmer  of  the  saleable  animal  products,  and  of 
the  manure  obtained.  It  is  proposed  to  consider  this  subject  in 
a  future  paper. 

John  Bennet  Lawes. 
Joseph  Henry  Gilbert. 

Bothamsted,  St.  Albans. 


THE 


DEPRESSION   OF   CORN   PRICES 


AND   THE 


PRODUCTION  OF  WHEAT 


IN   SOME   OP   THE 


CHIEF  EXPORTING  COUNTRIES  OF  THE  WORLD. 


BY 

Sm  JOHN  BENNET  LAWES,  Bart.,  D.C.L.,  Sc.D.,  F.R.S. 

AND 

SIR  J.  HENRY  GILBERT,  LL.D.,  Sc.D.,  F.R.S. 


FROM   THE 

JOURNAL  OP  THE   ROYAL   AGRICULTURAL   SOCIETY   OP  ENGLAND, 

THIRD   SERIES,  VOL.  VII.  PART   IV.,  1896,   PP.  723-737. 


SPOTTISWOODE    &   CO.,    NEW- STREET    SQUARE,    LONDON. 

1897. 


ON  THE  DEPRESSION  OF  CORN  PRICES; 
AND  ON  THE  PRODUCTION  OF  WHEAT 
IN  SOME  OF  THE  CHIEF  EXPORTING 
COUNTRIES  OF  THE  WORLD. 

Havino  commnnicated  a  paper  on  tiie  production  of  wheat  in 
some  of  the  chief  exporting  countries  of  the  world  to  the 
International  Agricultural  Congress,  held  at  Budapest  in  Sep- 
tember last,  it  has  been  thought  that  a  discussion  of  the  ques- 
tion would  be  of  interest  to  agricultural  readers  in  our  own 
country,  and  elsewhere,  at  the  present  time.  We  have,  accord- 
ingly, as  far  as  possible  completed  the  tabular  record,  and  have 
careiiilly  reconsidered  the  subject,  haying  regard  to  such  further 
information  as  was  available,  with  a  view  to  publication  in  this 
Journal. 

In  discussing  the  probabilities  of  the  extension,  or  the 
limitation,  of  the  production  of  wheat  throughout  the  world,  it 
is  obviously  of  interest  and  importance  to  consider — what  are  the 
circumstances  which  have  led  to  the  enormously  increased  pro- 
duction in  recent  times ;  and  what,  so  far  as  is  known,  are  the 
conditions  of  the  chief  exporting  countries  at  the  present  time. 
In  illustration  of  the  subject,  we  have  brought  together  in  the 
Table  on  p.  4  a  record  of  the  exports  ^  of  wheat  from  some  of  the 
chief  wheat-growing  countries,  both  those  which  have  hitherto 
contributed  tiie  greatest  supplies,  and  those  which  have  shown  a 
marked  tendency  to  increase  in  their  production  and  export  in 
recent  years.  The  quantities  are  given  uniformly  for  all  the 
countries  in  quarters  of  480  lb. ;  and  it  should  be  further  ex- 
plained that,  unless  otherwise  stated,  they  relate  to  Tiet  exports^ 
that  is,  exports  less  imports.  The  chief  exception  is  in  the  case 
of  Russia  in  Europe,  for  which  the  record  of  imports,  if  any,  was 
not  available.  We  desire  here  to  acknowledge  our  great  obliga- 
tion to  both  the  Board  of  Trade  and  the  Board  of  Agriculture, 
for  kindly,  at  considerable  trouble,  affording  us  facilities  for 
acquiring  the  information  essential  for  our  purpose. 


>  It  will  be  readily  nndentood  that  it  is  mnch  more  difficult  to  obtain 
reliable  records  of  the  exports  from  different  oonntrie8,  than  of  the  imports 
into  onr  own  country.  Thus,  for  the  exports  from  other  countries,  dependence 
has  to  be  placed  on  the  records  of  the  individual  countries  themselves,  which 
are  not  always  as  complete  as  might  be  desired,  and  which  are  in  many  cases 
given  only  in  their  own  liuiguages,  and  in  weights  or  measures  different  from 
our  own. 
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Net  Exports  {Exports  minus  Imports)  of  Wheats  cmd  of  Flour  reckoned  as 
Wheats  from,  the  chief  Exporting  Countries  of  the  World. 

(In  quarters  of  480  lb.) 

[Where  figures  are  given  in parentheais,  and  loith  the  minV'S  sign,  the  imports  exceeded 
the  eocporU  ;  and  in  toHng  averages  of  the  exports,  these  amounts  are  dedtmted.'} 


Years 


1871 
1878 
1873 
1874 
1876 


1876 
1877 
1878 
1879 
1880 


1881 
1888 
1883 
1884 
1885 


1886 
1887 
1888 
1889 
1890 


1891 
1898 
1893 
1894 
1895 


United 
States 


Years 
ending 
June  80 


Qaarters 
6,253,780 
4,437,298 
6,187,673 
10,948,679 
8,886,488 


8,909.176 

6,891,855 

11,116,706 

18,829,717 

38,504,864 


Canada* 


Years 
ending 
June  80 


Quarters 
(-1^51,578) 
(-      91,878) 
194,484 
608,639 
163,486 


British 
India' 


Years 
ending 
Mar.  81 


Quarters 

67,988 

148,656 

91,166 

408,061 

289,600 


23,300,600 
16,165,936 
18,383,368 
13,979,988 
16,594,001 


(- 


448,635  '  681,861 
283,868)  1,890,899 
454,750  1,388,666 


775,658 
836,816 


11,809,868 
19,248,394 
14,934,394 
11,101,603 
13,715,306  :( 


(- 


869,376 
618,127 
849,059 
238,141) 
67,649 


168,141 
618,750 


1,743,846 
4,603,669 
3,279,266 
4,871,349 
3,719,075 


Russia  in 
Europe* 


Years 
ending 
Deo.  81 


Quarters 

8,806,917 

7,308,729 

6,303,713 

6,237,881 

7,149,624 


(- 


13,252,167 
27,970,783 
23,945,008 
20,466,586 
17,992,471 


530,010  14,964,493 

899,376  I  5,284,289 

418,109  13,267,619 

62,218)  4,184,797 

58,152)  3,331,164 


6,974,283 

6,840,274 

12,827,303 

10,366,036 

4,666,427 


6,114,113 
9,510,389 

10,367,628 
8,467,511 

11,579,064 


Austria- 
Hungary* 


Years 
ending 
Deo.  31 


Quarters 

2,013,731 

(-  20,867) 

(-894,648) 

(-787,896) 

229,378 


Bou- 
mania* 


Years 
ending 
Deo.  81 


Argen- 
tina* 


Quarters 


446,227 

1,794,311 

2,163,926 

1,866,867 

(-831,584) 


252,846 
1,883,482 
1,716,860 

888,038 
1,038,573 


386,289 
1,271,392 
1,320,891 
1,399,722 
1,112,273 


6,690,676 

9,770,640 

15,646,729 

13,274,680 

12,204,993 


Years 
ending 
Dec  81 


I 


Ghm 


Years 
ending 
Deo.  81 


Quarters 

149 

1,392 

800 

1,797 

(~  88,360) 


Quarters 


Umgmj 


Y« 

ending 
Dee.  SI 


Quarters 


649,053 '        — 


-  (-  19,149)' 

-  ,(-     1,895), 


3,444,168 ,  11,926,066 
7,163,387  5,416,065 
3,683,726  10,320,161 
3,018,342 !  16,087,841 
1,740,688    17,471,801 


1,774,619 
1,860,690 
3,815,153 
3,398,730 
1,941,144 


481,482 
888,679 
80,838  I  888,776 
8,094,888 1  188,036  663,857 
1,869,430  (-  78,938)  709,538  ( 


904,890  (-  78,586) 
1,860,444  (-     9,160) 


fi7,331 
54,003 
40,198 
9,i0i) 


1,817,689  \ 
1,196,074  ' 
1,831,846 


387,833 
681,863 
407,814 


1,400,805 
3,858,813 
3,900,339 
4,436,111 
4,885,185 


1,306,166 
678,634 
533,867 
335,338 
357,197 


3,091,763 
3,645,669 
3,344,378 
3,387,944 
4,660,979 


807,311 

1,136,417 

861,866 

111,765 

1,576,083 


1,860,441 
3,378,740 
4,870,434 
7,644,517 
4,960,347 


630,783 
688,465  (- 
631,030  I 
461,706  I 
688,868 


24,144 

38,438) 

9,268 

5.477 

48»309 


604,603  85,755 

591,839  68,314 

446,697        147,115 
340,794 '(-179.798) 
146,156  (-  24,863) 


783,383 
694,263 
863,879 
533,718 
360,939 


4,519) 

-    Mil) 

97,209 

724,447 

682,324 


SUMMARY— AVERAGES. 


5-yeftrly 
periods 
1871-75 
1876-80 
1881-86 
1886-90 


7,317,540 
13,530,861 
17,482,766 
14,160,913 


(- 


1891-95  I  30,735,803 


78,387) 

446,180 

331,194 

845,885 

1,098,113 


189,092 

786,023 

8,643,321 

4,303,440 

3,800,042 


36  vrs. 
1871-95 


14,643,386 


428,486    2,628,984 


6,961,153 

8,834,865 

9,205,738 

11,497,324 

12,024,065 


107,960 
1,307,669 
1,166,760 
8,215.067 

600,014 


-       .(- 


9,604,629     1,067,292 


(1,982,126) 
1.617,868 
3,374,916 
8,594,145 


3,644) 

11,777 

836,833 

776,686 

4,320,891 


(2,699,936)    1,066,510 


(549,052) 
493,266 
568,166 
406,878 
645,023 


(528,844) 


(35,457) 
9,768 
19,308 
878,860 


(88.493) 


*  1871-76,  the  imports,  and  possibly  the  exports,  of  flour,  inoluded  some  rve  flour. 

^  1871  and  1873,  gross  exports  of  wheat  only  ;  no  record  of  imports  of  wheat,  and  no  rocorda  of  flour. 
1873-76,  no  records  of  flour. 

'  No  reconl  of  imports  available  ;  the  figures  show  gross  exports  only. 

*  Flour,  both  exports  and  imports,  recorded  as  flour  and  meal,  which  we  have  reckoned  as  floor. 

"  For  1886,  gross  exports  of  wlieat  only :  there  being  no  rwioni  of  imports  of  wheat  or  flour,  or  exports  of 
flour.  '  1871-74,  no  record  of  imports  available  ;  flgures  show  exports  only. 

'  For  1879, 1898, 1894,  and  1895,  gross  exports  of  wheat  only ;  there  being  no  record  of  imports  of  wheat 
or  flour,  or  exports  of  flour. 
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As  to  the  causes  which  have  led  to  such  greatly  increased  pro- 
duction of  wheat,  it  may  be  stated  that,  in  ten  out  of  the  twelve 
years  from  1871  to  1882  inclusive,  there  was  less  than  the  average 
yield  of  the  crop  in  the  United  Kingdom  ;  and  that,  in  some  of 
the  same  years,  there  was  a  deficient  yield  in  Western  Europe 
generally.  It  may  be  added,  that  the  imports  into  our  own 
country  began  considerably  to  increase  after  the  harvest  of  1872, 
and  that  they  were  more  than  twice  as  much  in  the  harvest- 
year,  1882-4,  as  in  that  of  1871-2.  Further,  notwithstanding 
the  comparatively  large  proportion  of  average  or  over  average 
yields  siuce  1882,  our  own  imports  have,  owing  to  increased 
population,  and  reduced  area  under  the  crop  in  consequence  of 
low  prices,  maintained  a  very  high  level ;  and  over  the  five  years 
1891-2  to  1895-6  inclusive,  they  were  considerably  higher  than 
in  1882-3.  The  imports  of  Western  Europe  generally  have 
also  been  considerably  higher  over  the  period  under  review  than 
previously. 

It  was,  in  fact,  the  bad  seasons  in  the  United  Kingdom,  and 
sometimes  also  in  Western  Europe,  between  1871  and  1882,  but 
culminating  in  1879,  that  stimulated  the  greatly  increased 
production  for  export  in  other  countries. 

The  United  States. 

The  United  States  came  the  soonest  and  the  most  rapidly 
into  the  market.  Thus,  according  to  official  returns,  the  in- 
crease in  the  wheat-growing  area  in  the  United  States  in  the 
five  years  ending  1877  amounted  to  rather  over  5|  million 
acres;  whilst  in  the  next  four  years,  1878-81,  it  was  rather 
more  than  llf  million  acres;  together  making  an  increase  of 
more  than  16|  million  acres  over  the  nine  years  1873-81  inclu- 
sive. .  Over  the  next  eleven  years,  however,  1882-92,  there  was 
an  increase  of  not  much  more  than  f  million  acres;  the  whole 
increase  over  the  twenty  years,  1873-92  inclusive,  amounting 
to  about  17§  million  acres.  The  highest  area  recorded  was  in 
1891,  namely,  39,916,897  acres.  In  1892  it  was  38,554,430, 
or  about  1^  million  less ;  but  in  1893  it  was  only  34,629,418 ; 
in  1894,  34,882,436;  in  1895,  34,047,332;  and  in  1896, 
34,619,000  acres.  That  is,  there  was  an  estimated  average  of 
about  5^  million  acres  less  over  the  last  four  years  than  in  1891, 
and  of  about  4  million  less  than  in  1892 ;  part,  at  least,  of  the 
indicated  reduction  being  due  to  the  substitution  of  other  crops. 

In  accordance  with  the  foregoing  facts,  reference  to  the 
figures  in  the  Table  will  show,  that  the  exports  from  the  United 
States  began  to  increase  rapidly  after  1873,  and  that,  with 
fluctuations  due  to  season  and  other  circumstances,  they  have 


6      On  Depression  of  Com  Prices  and  Production,  of  Wheat. 

continued  to  do  so  almost  up  to  the  present  time.  In  the  years 
ending  June  30,  1880  and  1881,  the  exports  were  more  than 
twice  as  great  as  in  the  year  ending  June  30, 1 874.  The  largest 
exports  were,  however,  in  the  years  ending  June  30,  1892  and 
1893,  after  the  large  areas  in  1891  and  1892.  But,  in  the 
years  ending  June  30,  1894  and  1895,  there  was,  with  reduced 
area  and  low  prices,  reduction  in  the  exports;  whilst  the 
returns  show,  that  in  the  year  ending  June  30, 1896,  they  were, 
though  still  high,  lower  than  in  the  preceding  year ;  and  the 
indications  are  that  they  will  probably  be  lower  still  in  tho 
current  fiscal  year. 

It  is  to  be  borne  in  mind  that  the  larger  proportion  of  the 
increased  area  brought  under  cultivation  in  the  United  States 
for  wheat  production  and  export,  as  above  recorded,  consisted  of 
rich  prairie  land.  The  question  arises,  therefore,  what  are  the 
probabilities  of  the  maintenance,  the  increase,  or  the  decrease, 
of  this  large  production  for  export  ?  Obviously  the  fact  that  so 
much  capital  has  been  invested  in  bringing  such  large  areas 
under  cultivation  for  the  purpose,  would  point  to  the  conclusion 
that  it  is  not  likely  to  be  abandoned.  On  the  other  hand,  it  is 
alleged,  that  the  wheat  lands  in  the  United  States  from  which 
such  large  exports  have  been  derived,  are  to  a  great  extent 
already  exhausted ;  and  that  Europe  need  not  any  longer  fear 
their  competition  in  wheat  production.  Now,  it  has  been  seen 
that  more  than  16|  million  acres  were  brought  under  cultivation 
in  the  nine  years  1873-81  inclusive,  and  by  far  the  larger  pro- 
portion within  the  last  four  years  of  the  period ;  so  that  much  of 
the  land  now  said  to  be  exhausted  has  only  been  from  fifteen  to 
twenty  years  under  cultivation.  Further,  a  very  large  proportion 
of  the  newly  broken  up  land  having  been  rich  prairie,  frequently 
as  rich  as,  or  richer  than,  good  old  pasture  lands  in  Europe, 
and  sometimes  to  a  considerable  depth,  it  seems  quite  im- 
possible that  there  can  be  material  exhaustion  in  so  short  a 
time.  Notwithstanding  the  inherent  richness  of  the  land, 
however,  the  average  produce  of  the  whole  of  the  wheat  area 
of  the  United  States,  including  so  large  a  proportion  of  rich 
prairie  land,  is  only  between  12  and  13  bushels  per  acre, 
against  more  than  twice  as  much,  between  27  and  28  bushels, 
the  average  produce  under  ordinary  cultivation,  of  the  very 
much  poorer  lands  of  the  United  Kingdom.  Again,  the  an- 
manured  plot  of  the  comparatively  })Oor  soil  of  the  permanent 
experimental  wheat  field  at  Bothamsted,  has  yielded  an  average 
of  more  than  1 3  bushels  per  acre  per  annum  over  fifty  consecutive 
years  without  any  manure ;  that  is,  more  than  the  average  of 
the  whole  of  the  United  States,  including  so  much  of  rich  prairie 
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land ;  and,  so  &r  as  is  known,  about  the  average  of  the  whole 
of  the  wheat  lands  of  the  world. 

How  are  these  facts  to  be  accounted  for?  The  wheat 
produced  in  ordinary  agricultural  practice  on  the  comparatively 
poor  lands  of  the  United  Kingdom  is  grown  in  rotation,  the 
land  is  fairly  cultivated,  and  is  kept  fairly  clean.  In  the  case 
of  the  growth  of  an  average  of  more  than  13  bushels  per  acre 
for  fifty  years  in  succession  without  manure  at  Rothamsted,  the 
land  has  been  kept  as  free  from  weeds  as  possible.  On  the 
other  hand,  most  of  the  export  lands  of  the  United  States  are 
scarcely  more  than  skimmed  by  the  plough,  scarcely  any  labour 
is  bestowed  on  cleaning,  weeds  largely  rob  the  fertility,  the 
straw  and  weeds  are  to  a  great  extent  burnt,  and  manure  is 
ofken  wasted  or  destroyed.  These  are  certainly  conditions  well 
calculated  to  reduce  fertility  rapidly.  But,  considering  the 
original  character  of  the  land  in  most  cases,  it  is  impossible  to 
believe  that  the  large  wheat-growing  areas  of  the  United  States, 
said  to  be  already  exhausted,  would  not,  with  good  cultivation, 
yield  large  crops  for  many  years  to  come.  This  result  can,  how- 
ever, only  be  attained  by  an  increased  expenditure  of  both  capital 
and  labour.  Such,  however,  is  the  mortgage  and  other  in- 
debtedness of  many  of  those  growing  wheat  for  export,  that  it 
is  to  be  expected  that  the  application  of  more  capital  will  be 
only  limited  for  some  time  to  come.  It  is  true  that,  in  the  case 
of  new  settlement,  with  sparse  population,  though  fertility  may 
be  cheap,  labour  is  dear,  and  hence  wasteful  modes  of  production 
are,  for  a  time  at  least,  almost  inevitable. 

As  population  becomes  more  dense,  however,  local  markets 
will  arise  for  rotation  products,  more  stock  will  be  kept,  the 
straw  and  the  manure  will  be  utilised,  cultivation  will  be 
improved,  and  weeds  will  lose  their  ascendency.  Nor  can  there 
be  any  doubt  that,  when  such  conditions  prevail,  it  will  be  found 
that  the  growth  of  comparatively  small  crops  of  wheat,  even 
with  a  considerable  share  of  weeds,  for  fifteen  or  twenty  years 
on  rich  prairie  lands,  has  not  exhausted  their  fertility.  It  is 
also  to  be  borne  in  mind  that  there  is  yet  more,  and  some  of  it 
rich,  land  to  be  brought  under  the  plough. 

On  the  other  hand,  the  home  consumption  of  wheat  in  the 
United  States  has  increased  very  largely  in  recent  years. 
According  to  published  records,  it  has  risen  firom  rather  under 
200  million  Winchester  bushels  in  1872-78,  to  an  average  of 
nearly  384  million  over  the  ten  years  from  1882-88  to  1891-92. 
Notwithstanding  this,  the  exports  increased  from  52^  million 
bushels  in  1872-78  to  an  average  of  146^  million  over  the 
five  years  from  1877-78  to  1881-82 ;  but  they  amounted  to  an 
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average  of  rather  less  than  130  million  over  the  ten  years 
1882-83  to  1891-92.  The  maximnm  amount  in  any  one  year 
was  227i  milUon  in  1891-92;  and  in  1892-93  it  was  192^ 
million  bushels. 

It  has  been  estimated,  however,  that  judging  from  the 
increase  of  the  population  in  the  past,  the  central,  northern^ 
and  western  States,  from  which  such  large  exports  of  grain  are 
derived,  will,  before  many  years  have  passed,  be  as  densely 
populated  as  the  eastern  States  are  now,  and  that  then  the 
export  of  grain  will  be  rapidly  diminished.  In  this  calculation, 
however,  the  essential  difference  in  the  character  of  the  land  in 
the  eastern  States,  and  that  of  the  prairie  districts  of  the  central, 
northern,  and  western  States,  is  not  duly  taken  into  account. 
It  is  true  that  both  western  wheat  and  western  meat  are 
materially  reducing  the  production  of  them  in  the  eastern 
States ;  so  that  the  population  of  the  east  as  well  as  of  the  west 
will  consume  more  and  more  of  the  western  produce,  leaving 
the  less  for  export.  But,  notwithstanding  the  increased  and 
increasing  demand  for  home  consumption,  and  the  allegation, 
which  is  now  several  years  old,  that  tiie  wheat-producing  lands 
are  already  showing  signs  of  exhaustion,  the  Table  shows,  as 
has  already  been  pointed  out,  that  the  exports  were  higher  in 
the  years  ending  June  1892  and  June  1893  than  in  any  other 
year  of  the  series  given ;  and  those  for  the  years  ending  June 
1894  and  June  1895  (also  June  1896)  y^ere,  although  showing 
progressive  reduction,  nevertheless  considerably  higher  than  the 
average. 

From  the  foregoing  facts  relating  to  the  production  of 
wheat  in  the  United  States,  we  think  there  can  be  no  doubt 
that  there  still  exists  great  inherent  capability  of  production 
for  export;  but,  that  the  maintenance  of  the  rate  of  recent 
years,  and  still  more,  an  increase,  can  probably  only  be  attained 
by  considerably  increased  expenditure  of  capital  and  labour ; 
whilst,  considering  the  financial  conditions  which  have  been 
referred  to,  the  scarcity  and  cost  of  labour,  and  the  present  low 
prices  of  the  produce,  it  seems  probable  that  any  change  in  the 
direction  supposed  will  be  but  limited  within  the  near  future. 
Further,  in  some  localities,  the  cost  of  freight  to  the  sea-board 
becomes  more  or  less  an  impediment  to  successful  competition 
with  countries  more  favourably  circumstanced  in  this  respect. 

Canada. 

Canada,  in  its  North-west  Provinces,  comprises  large  areas 
adapted  for  the  growth  of  wheat,  a  considerable  proportion  of 
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which  is  naturally  very  fertile ;  but  the  population  of  those  Pro- 
yinces  is,  though  growing,  only  sparse  up  to  the  present  time.  In 
Lower  Canada,  however,  there  is  a  considerable  population  ;  and 
the  home  consumption  has  necessitated  the  importation  of  con- 
siderable amounts  of  both  wheat  and  flour,  though  less  during 
recent  years  than  previously.  The  figures  given  in  parenthesis, 
and  with  the  mimts  sign,  in  the  column  in  the  Table  relating  to 
Canada,  indicate  that  in  those  years  the  imports  overbalanced 
the  exports.  In  other  cases,  the  records  represent  the  net 
eaoports  (gross  exports  minvs  imports) ;  and  they  show,  not- 
withstanding the  increasing  demand  for  home  consumption 
with  the  increasing  population,  a  considerable  increase  of 
exports  during  the  last  few  years.  So  far  as  extent  of  area 
suitable  for  .wheat  production  is  concerned,  there  can  be  no 
doubt  that  Canada  possesses  great  inherent  capabilities  for 
export ;  but  the  amount  of  land  brought  under  cultivation  for 
the  purpose  does  not  increase  rapidly.  Indeed,  as  in  the 
United  States,  both  more  capital  and  more  labour  are  required 
for  further  development ;  whilst,  under  existing  conditions,  both 
the  cost  of  freight,  and  the  low  prices  of  grain  ruling  throughout 
the  world,  are  adverse  to  any  rapid  extension  within  the  near 
future. 

British  India. 

The  exports  of  wheat  from  British  India  are  considerably 
larger  than  those  from  Canada,  but  they  bear  only  a  small  pro- 
portion to  those  from  the  United  States,  or  Russia  in  Europe ;  or, 
in  recent  years,  to  those  from  Argentina,  as  will  be  seen  further  on. 
The  figures  in  the  Table  show  that,  as  in  other  cases,  the  export  of 
wheat  from  British  India  began  to  increase  as  the  defirsiency  in  the 
United  Kingdom  and  Western  Europe  developed  owing  to  Vad 
seasons.  But  it  was  about  fifteen  years  ago  that  it  showed  such  a 
tendency  to  rapid  increase  as  to  lead  to  the  assumption  that  the 
exporte  thence  were  likely  to  come  into  formidable  competition 
with  those  from  other  exporting  countries.  The  figures  further 
show,  however,  that,  with  the  exception  of  the  year  ending 
March  31,  1892,  after  the  failure  of  the  crop  in  Russia,  and 
the  consequent  greatly  reduced  exports  therefrom,  they  have  de- 
clined considerably  in  recent  years  compared  with  those  ending 
March  31,  1882, 1884, 1886,  and  1887.  Indeed,  in  the  year  end- 
ing  March  31, 1895,  they  were  very  much  lower  than  in  any  year 
since  that  ending  March  31,  1881.  They  were,  however,  again 
higher  in  the  year  ending  March  31,  1896  ;  bat,  owing  to  failure 
of  the  crop  from  drought  over  large  areas,  British  India  is  at  the 
present  time  a  wheat-importing  country. 

A3 
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The  conditions  of  the  growth  of  wheat  for  export  in  British 
India  are,  in  fact,  as  different  as  could  well  be  conceived  from 
those  of  most  other  exporting  coontries.  As  has  been  seen,  the 
exports  from  the  United  States  and  Canada  are  mainly  derived 
from  large  areas  of,  for  the  most  part,  rich  virgin  soil,  which  have 
mostly  been  broken  up  for  the  purpose  of  wheat  production. 
The  same  applies  in  a  greater  or  less  degree  to  large  wheat 
growing  areas  in  other  exporting  countries.  In  British  India, 
on  the  other  hand,  the  crop  has  been  grown  for  export  on  poor 
soil,  which  has  long  been  under  the  ordinary  cultivation  of  the 
country,  which  has  been  very  much  exhausted,  and  where,  with 
a  dense  and  frequently  insufficiently  fed  population,  labour  is 
cheap. 

Taking  the  average  of  several  years,  it  would  seem  from  pub- 
lished records  that  wheat  was  only  grown  on  about,  or  on  little 
more  than,  one-tenth  of  the  cultivated  area  ;  whilst  the  proportion 
of  the  total  produce  which  was  exported,  ranged  from  under  10  to 
over  20  per  cent.,  and  averaged  about  15  per  cent.  It  may,  in 
fact,  almost  be  said  that  the  land  devoted  to  the  growth  of  wheat 
for  export,  represents  an  ill-spared  margin  of  that  required  for 
the  food  supplies  of  the  people  ;  as  is  well  illustrated  by  the  result 
of  the  failure  of  the  crop  at  the  present  time.  The  produce  per 
acre  is  very  small,  though  it  is  admitted  that  it  might  be  con- 
siderably increased  if  sufficient  manure  were  available,  which  it 
is  not.  It  is  not  to  be  wondered  at,  that,  under  the  actually 
existing  conditions,  the  amounts  of  the  exports  should  show 
considerable  fluctuations,  and  that  they  have,  upon  the  whole, 
shown  signs  of  diminution  in  recent  years. 

It  is,  it  is  true,  uncertain  to  what  extent  the  result  is  due  to 
the  local  conditions  under  which  the  crop  is  grown,  or  how  far 
the  prevailing  low  prices  in  other  countries  have  had  an 
influence.  It  is  indeed  alleged,  that  the  extension  of  irrigation  to 
large  tracts  of  land  already  under  cultivation  would  greatiy 
increase  the  production  of  wheat  for  export ;  and  further,  that 
there  yet  remain  very  large  areas  of  cultivable,  but  as  yet  un- 
cultivated, land.  Such  possible  or  prospective  sources  of 
increased  capability  of  production  of  wheat  for  export,  how- 
ever important  to  bear  in  mind,  could  obviously  only  be  very 
slowly  developed,  and  can  hardly  be  taken  into  cisJculation 
in  estimating  the  probability  of  increase  within  the  near  future. 
At  any  rate,  considering  the  circumstances  of  the  growth 
hitherto,  it  cannot  be  said,  as  in  the  case  of  some  other  large 
wheat-exporting  countries,  that  there  is  a  great  reserve  of 
dormant  fertility  readily  and  rapidly  available  for  the  increased 
production  for  export. 
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Australasia. 

Owing  to  the  passage  of  produce  from  one  Colony  to  another, 
Bnd  to  defective  statistics,  it  is  impracticable  to  give  a  reliable 
estimate  of  the  net  exports  of  the  whole  collectively  for  a  series 
of  years.     Judging,  however,  from  the  imports  into  the  United 
Kingdom  from  1871  up  to  the  present  time,  there  was  increase 
over  the  second  five  years  compared  with  the  first,  and  over  the 
third   compared   with  the  second;  over  the  fourth  five  years 
there  was  considerable  decline,  but   over  the  last  four  there 
was  again   increase,   though  not  bringing  ap  the  quantity  to 
that  of  the  third  period,  1881-85.     Victoria  seems  to  be  both 
the  greatest  producer  and  the  greatest  exporter,  South  Australia 
coming   second,   and   New   Zealand   third,   but   declining    in 
production  in  recent  years.     Next  comes  New  South  Wales  as 
a-  producer;  Tasmania,   Queensland,  and   Western  Australia, 
supplying  immaterial  amounts.     It  is  stated  that,  in  the  best 
yielding  Colonies,  there  is  a  good  deal  of  land  suitable  for  the 
crop,  but  a  deficiency  of  labour  to  utilise  it  profitably  for  the 
purpose  ;  whilst,   excepting  in   New  Zealand,  the   yield    per 
acre  is  genemlly  so  small  that  the  gross  return  for  a  given 
area  leaves  comparatively  little  profit.     Lastly,  as  to  the  position 
of  wheat  production  in  the  Australian  colonies  under  existing 
conditions.     It   seems  that,   chiefiy   owing  to  drought,  there 
will  probably  be  a  serious  falling  ofi*  in  this  year's  crop.  New 
South    Wales,   South   Australia,   Queensland,   and   especially 
Tictoria,  having  sufifered  considerably ;  whilst  wheat  and  flour 
are  already  being  imported  from  the  United  States  into  some 
of  the  Colonies.     Upon  the  whole,  it  would  seem  that  the  pre- 
vailing low  prices  can  afiord  little  inducement  to  extension  of 
wheat  growing  for  export ;  though  with  higher  market  values 
further  development  would  be  probable. 

Russia. 

Russia  in  Europe  is  the  largest  exporter  of  wheat  in  the 
world  excepting  the  United  States ;  but  even  including  Russia 
in  Asia  the  Empire  exports  considerably  less  than  the  United 
States.  Russia  in  Europe,  like  other  exporting  countries,  has 
-exported  increasing  amounts  since  the  period  of  the  bad 
harvests  in  the  United  Kingdom  and  Western  Europe  between 
1871  and  1881.  In  1878  tiie  exports  were  very  high,  but  then 
they  moderated  and  fluctuated  for  some  years,  until,  in  1888, 
ihey  were  higher  than  ever  before.  Since  then  they  have  kept 
at  a  high  level,  excepting  in  1892  and  1893,  after  the  failure  of 
the  crop  in  1891 .    The  heaviest  exports  were,  however,  in  1 895, 
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notwithstanding  the  very  low  prices  at  the  time.  Indeed,  the^ 
exports  from  Russia  in  Europe  in  that  year  were  very  nearly 
as  high  as  those  from  the  United  States  in  the  year  endings 
June  30,  1895.  The  records  at  present  available  indicate  that 
they  will  be  lower  in  1896  than  they  were  in  1895,  and  that 
those  for  1897  will  be  lower  than  average. 

Taking  the  five-yearly  periods  commencing  1871,  the 
average  annual  amount  of  the  exports  was  greater  over  the 
second  period  than  the  first,  greater  over  the  third  than  the 
second,  greater  over  the  fourth  than  the  third,  and  the  greatest 
over  the  fifth  and  last  period.  This  was  the  case  notwithstand- 
ing the  declining  prices,  and  the  low  exports  in  two  of  the  five 
years — 1892  and  1893,  after  the  famine  in  1891.  In  fact,  ia 
spite  of  considerable  fluctuations  from  year  to  year,  doubtless  in 
great  part  due  to  seasons,  and  other  local  conditions,  and  not 
very  clearly  traceable  to  rise  or  fall  in  price,  there  has  been 
gradual  progression  during  the  twenty-five  years  of  our  review. 
It  is,  however,  stated  that  the  prevailing  low  prices  have  been  a 
cause  of  much  distress  and  discouragement  to  the  producers.  On 
the  other  hand,  it  is  said  that  great  efibrts  are  being  made  to 
improve  the  methods  of  production,  State  <  aid  being  given  in 
various  ways ;  whilst  there  still  remain  considerable  areasof  fertile 
land  to  be  brought  under  cultivation.  It  is,  indeed,  assumed 
that  if  prices  become  more  remunerative,  there  will  be  increased 
production  of  wheat  for  export.  But  it  is  admitted  that,  besides 
improved  methods  of  production,  better  roads,  more  railway 
facilities,  and  lower  freights,  are  needed  to  maintain  successful 
competition  with  other  exporting  countries. 

Russia  in  Europe  is,  indeed,  a  very  important  factor  to  take 
into  account ;  and  an  element  for  consideration  is  that  much  of 
the  exports  come  from  large  tracts  of  rich  soil.  Further,  so  far 
as  records  are  at  command,  it  would  appear  that  the  exports 
from  Russia  in  Asia,  though  bearing  only  a  small  proportion 
to  those  from  Russia  in  Europe,  have  nevertheless  increased 
considerably  in  recent  years,  doubtless  aided  by  improved 
communications ;  and,  aldiough  the  proportion  of  the  whole  ia 
small,  the  exports  of  meal  and  flour  reckoned  as  wheat,  have 
increased  proportionally  more  than  those  of  wheat  as  wheat. 
Upon  the  whole,  there  can  hardly  be  much  doubt  that  with  more 
remunerative  prices,  increased  exports  from  the  Russian  Empire 
would  be  forthcoming. 

A  USTRIA-H  UNO  ARV. 

Of  the  total  production  of  wheat  in  Austria- Hungary,  from 
t!iree-fourths  to  four-fifths  are   due  to  Hungary ;   and  of  the 


On  Depression  of  Com  Prices  and  Production  of  Wheat     13 

total  exports  frequently  nearly,  and  sometimes  fully,  one  half 
is  represented  by  flour.  Wheat  is,  however,  imported  into 
Hungary  (though  in  smaller  quantities  in  recent  years  than 
formerly),  from  Roumania,  Servia,  and  Russia,  and  some  from 
other  countries,  chiefly  for  milling  purposes.  The  exported  flour 
is  said  to  be  derived  mainly  from  Hungarian  wheat,  whilst  the 
flour  from  the  imported  wheat  is  to  a  great  extent  appropriated 
to  home  consumption.  As  the  Table  shows,  the  net  exports 
were  fairly  large  in  the  first  year,  1871,  but  then  for  five 
years  the  exports  were  either  overbalanced  by  imports,  or  the 
net  exports  were  but  small.  There  was  then  an  increase  for 
three  years,  followed  by  an  excess  of  imports  in  1880,  and 
very  little  surplus  exports  in  1881.  From  that  time,  for  nine 
or  ten  years,  there  were  fair,  but  variable,  and,  in  a  few  years, 
even  Jge  ^o.uts  of  net  Exports;  but'durhig  the  iJ  fe^ 
years  they  have  very  rapidly  diminished.  The  general  result  is, 
that  over  the  first  five-yearly  period  the  net  exports  were  very 
small,  over  the  second  and  third  periods  they  were  considerable, 
over  the  fourth  about  twice  as  much  as  over  either  the  second 
or  the  third,  but  over  the  fifth  and  last  period  they  were  very  low. 
It  may  be  added  that,  of  the  total  exports,  an  average  of  between 
40  and  50  per  cent,  is  represented  by  flour  reckoned  as  wheat. 

Upon  the  whole,  the  exports  of  wheat,  and  of  flour  reckoned 
as  wheat,  from  Austria-Hungary  showed,  in  spite  of  fluctuations, 
a  general  tendency  to  increase  up  to  within  the  last  few  years, 
during  which  they  have  declined  in  a  very  marked  degree.  As, 
according  to  published  records,  the  area,  and  the  aggregate  crop, 
have  increased  in  recent  years,  and  it  is  to  be  supposed  that  the 
activity  of  the  mills  has  not  declined,  the  assumption,  which  is 
borne  out  by  such  evidence  as  is  available  as  to  supplies  and 
population,  is  that,  with  increasing  population,  and  low  prices 
inducing  a  wider  and  freer  use  of  wheaten  products  as  food,  the 
demands  for  home  consumption  have  left  but  little  surplus  for 
foreign  markets.  It  results  that  the  exports  from  Austria- 
Hungaiy  do  not  constitute  an  important  element  in  the  world's 
supply  for  other  countries ;  but  they  are  characterised  by  com- 
prising a  large  proportion  of  flour  of  high  quality. 

ROUMANU. 

The  Table  shows  that  the  returns  for  Roumania  do  not 
commence  until  1879,  and  so  relate  to  only  seventeen  years, 
1879-95  inclusive.  Comparison  will  show  that  in  nearly 
all  of  these  individual  years,  the  exports  of  wheat,  and  of  flour 
reckoned  as  wheat,  were  higher  from  Roumania  than  from 
AoMtria-Hungary,  and  this  was  especially  the  case  during  the 
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later  years,  in  which  the  exports  from  Aastria-Hungary  de- 
clined so  considerably,  whilst  those  from  Boamania  maintained 
a  high  level.  The  year  of  highest  exports  from  Anstria- 
Hnngary  was  1888,  from  which  date  they  rapidly  declined. 
The  period  of  highest  exports  from  Boamania  was  over  the 
eight  years  1888-95,  during  which  they  never  fell  below 
3  million  quarters,  whilst  in  one  year  they  approached,  and 
in  three  years  considerably  exceeded,  4  million  quarters.  In 
fact,  as  already  stated,  Hungary  imported  from  Boumania. 
On  the  other  hand,  Boumania  is  supposed  to  obtain  some  of 
her  supplies  from  Bulgaria  and  Servia.  Hungary  is,  however, 
estimated  to  produce  about  two  and  a  half  times  as  much 
wheat  as  Boumania  ;  but  Boumania  produces  more  in  proportion 
to  population,  in  other  words  has  a  larger  surplus  for  export. 

Some  Other  ExpoRTiNa  Countries. 

Excepting  some  of  the  South  American  Bepublics,  which 
will  be  referred  to  separately,  Bulgaria,  Servia,  Eastern 
Boumelia,  Turkey  in  Asia,  and  Egypt,  perhaps  come  next  in 
importance  as  exporting  countries  to  those  already  considered  ; 
but  none  of  them  supplies  large  amounts,  and,  in  the  aggregate, 
they  export  considerably  less  than  Boumania ;  nor  does  their 
estimated  production  in  relation  to  population  indicate  much 
surplus  for  export.  Under  more  favourable  political  condi- 
tions, and  with  improved  communications,  it  is  probable  that 
the  exports  from  Asia  Minor  might  be  considerably  increased. 
The  production  in  Egypt  is  small  in  relation  to  population,  and, 
in  districts  suitable  as  to  soil  and  climate,  both  production  and 
export  are  probably  capable  of  extension.  Upon  the  whole, 
however,  the  group  of  countries  enumerated  does  not  promise 
material  extension  in  the  near  future. 

Argentina. 

Argentina,  Chili,  and  Uruguay  are  of  special  interest  in  con- 
nection with  the  subject  of  the  wheat  production  of  the  world,  not 
so  much  ftt)m  the  amounts  that  they  have  hitherto  exported,  but 
because  of  the  rapid  increase  in  the  production  and  export 
(especially  of  Argentina  and  Uruguay)  within  recent  years,  and  of 
the  probabilities  of  extension  in  the  future.  The  Table  shows  that 
Argentina  has  exported  more  or  less  from  the  commencement  of 
the  period  of  twenty- five  years  under  review.  In  six  of  the  first 
twelve  years  there  were  only  quite  immaterial  amounts  of  net 
exports,  whilst  in  the  other  six  the  imports  overbalanced  the 
exports.  From  1883  up  to  the  present  time,  however,  the  net 
exports  have  continued  to  increase,  and  very  rapidly  during  the 
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last  six  years — ^from  more  than  1^  millioD  quarters  in  1890  ta 
more  than  7^  million  in  1894,  and  to  nearly  5  million  in  1895. 
In  fact,  there  has  been  great  increase  in  the  area  under  the  crop 
within  the  last  few  years;  and  it  is  said  that  although  low 
prices  have  been  much  felt,  leaving  comparatively  little  margin 
for  profit,  yet  it  is  considered  that  with  improvement  of  methods 
cost  of  production  will  be  reduced ;  and  it  is  believed  that  the 
equipment  for  wheat  growing  is  now  so  fully  established,  that, 
even  with  continued  low  prices,  there  would  not  be  material 
reduction  of  area  for  some  time  to  come.  On  the  other  hand, 
it  is  alleged  that,  with  remunerative  prices,  the  area  under  the 
crop  might  be  increased  even  twenty-fold !  There  is  plenty  of 
fertile  soil  as  yet  not  broken  up,  and  labour  is  cheap ;  but  for 
material  extension  in  this  direction  much  greater  road  and  rail- 
way facilities,  and  increased  storage  arrangements,  would  be 
required.  Greatly  increased  production  on  such  lines  could 
therefore  only  be  slowly  developed.  Upon  the  whole,  however, 
it  cannot  be  doubted,  that  Argentina  comprises  very  large  areas 
of  fertile  land  suitable  for  wheat  production  for  export; 
which,  if  prices  gave  sufficient  encouragement,  would  probably 
be  gradually  brought  into  requisition,  as  the  necessary  cod ditions 
of  utilisation  were  available. 

Ohiu. 

Chili,  although  comprising  a  very  large  total  area,  does  not 
include  a  large  proportion  with  soil  and  climate  suitable  for  wheat 
production.  The  Table  shows,  however,  that  Chili  has  exported 
considerable  quantities  of  wheat  for  many  years  past.  Our  record* 
commence  only  with  1875,  but,  during  the  twenty-one  years  to 
1895,  there  has  been  more  or  less  fluctuation  in  the  amount  of 
exports ;  though,  upon  the  whole,  they  have  shown  a  degree  of 
regularity  which  does  not  indicate  active  development.  Indeed, 
the  records  for  the  last  five  years  do  not  show  material  increase 
compared  with  some  earlier  years.  But  that  there  is  a  consider- 
able area  still  available  for  wheat  production  seems  to  be  certain* 

Uruguay. 

Uruguay  is  a  comparatively  small  State ;  but  agriculture, 
and  especially  wheat  production,  has  been  considerably  developed 
in  recent  years,  and  there  are  large  tracts  of  land  suitable  for 
extension,  only  requiring  remunerative  prices,  capital,  labour, 
and  better  communications,  for  utilisation.  The  Table  shows 
that  Uruguay  has  exported  wheat  and  flour  for  a  good  many 
years;  but  that  until  quite  recently  the  quantities  hav& 
been  small,  and  sometimes  overbalanced  by  imports.  Activity 
seems  to  have  recommenced  in  1898,  from  which  date  the  net 
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exports  have  considerably  increased,  reaching  nearly  f  million 
quarters  in  1894,  and  more  than  ^  million  in  1895.  Bat  the 
evidence  at  command  indicates  that  the  exports  will  probably 
be  less  in  1896  and  1897.  As  already  said,  there  are  large 
afeas  of  fertile  land  awaiting  favourable  conditions  for  utilisation. 

Summary  and  General  Conclusions. 

From  a  review  of  the  whole  of  the  facts  which  have  been 
adduced,  it  is  evident  that  the  deficient  yields  of  wheat  in 
most  years  from  1871  to  1882  in  the  United  Kingdom,  and 
sometimes  in  Western  Europe  also,  and  the  consequent  rise 
of  prices,  stimulated  its  production  for  export  in  various 
countries  throughout  the  world.  In  some  this  led  to  the 
opening  up  of  large  tracts  of  land,  and  sometimes  of  very  rich 
land,  for  the  purpose,  involving  very  large  investments  of 
capital.  The  result  has  been  so  full  a  supply  in  relation  to  the 
demand  as  greatly  to  depress  prices,  and  so  to  discourage  the 
further  rapid  extension  in  some  of  the  chief  exporting  countries 
in  recent  years ;  whilst  some  others  have  rapidly  developed  even 
coincidently  with  the  declining  prices.  The  evidence  points  to 
the  conclusion  that,  in  the  case  of  some  of  the  larger  exporting 
countries,  the  continuance  of  low  prices,  and  other  adverse 
circumstances,  will  probably  retard  extension  in  the  near 
future ;  whilst,  in  others,  extension  seems  more  probable,  even 
in  spite  of  low  prices. 

At  any  rate,  it  cannot  be  doubted  that  there  remain 
throughout  the  world  great  inherent  capabilities  for  increased 
production,  which  would  rapidly  be  developed  with  rising  prices. 
Such,  indeed,  is  the  extent  of  this  capability  that  the  encourage- 
ment of  higher  prices  would,  by  increased  production  and 
increased  export,  tend  to  keep  the  supply  fully  up  to  the 
demand,  and  so  far  to  react  adversely  to  any  considerable 
and  permanent  rise.  There  will,  of  course,  be  fluctuation  in 
prices  from  year  to  year,  according  to  the  varying  relation 
of  supply  to  demand,  depending  on  the  seasons  and  other  cir- 
cumstsmces  in  diflerent  countries.  Of  this  we  have  an  illus- 
tration at  the  present  time.  Commencing  with  October  last 
there  has  been  a  slow  though  steady  rise  in  prices.  Whatever 
other  agencies  may  have  been  at  work,  it  may  be  stated  that 
the  rise  has  followed  what  official  statistics  indicate  to  have 
been  an  average  reduction  of  area  under  wheat  in  the  United 
States — the  greatest  exporting  country — of  about  four  million 
xicres  per  annum  over  the  four  years  1893-96,  compared  with 
1892,  and  of  five  and  one-third  million  compared  with  1891. 
the  year  of  highest  recorded  area ;  and  the  Table  shows  that, 
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after  the  high  exports  in  the  years  ending  June  30,  1892 
and  1893,  following  the  production  of  the  extended  areas  of 
1891  and  1892,  the  exports  were  much  less  in  1894,  and  less 
still  in  1895 ;  whilst  subsequent  records  show  that  they  were 
still  further  reduced  in  the  year  ending  June  30,  1896 ;  and 
recent  information  indicates  that  they  will  probably  be  less  for 
the  year  ending  June  30,  1897.  Then,  parts  of  British  India 
are  on  the  borders  of  famine,  and  the  country  is  importing 
wheat  instead  of  exporting  ;  whilst,  though  of  less  importance, 
some  of  our  Australian  Colonies  are  also  importing  instead  of 
exporting.  Further,  it  is  estimated  that  the  exports  from 
Ai^entina  will  be  considerably  less  in  1896  than  they  were  in 
1895,  and  probably  also  less  in  1897.  Lastly,  what  is  of  more 
importance  is,  that  the  exports  from  Bussia  in  1896  will 
probably  be  less  than  those  of  1895,  and  that,  if  the  figures 
hitherto  published  are  to  be  relied  upon,  the  crop  of  this  year 
will  be  less  than  average. 

The  average  price  of  wheat  in  our  own  country  began  to 
show  serious  tendency  to  decline  in  1892,  when  the  world's 
exports  had  reached  a  higher  level  than  ever  before ;  but  it 
was  at  its  lowest  from  September,  1894,  to  May,  1895,  coin- 
cidently  with  still  higher  exports.  The  records  and  estimates 
already  available  would  indicate,  however,  that,  under  ordinary 
circumstances,  the  total  export  supplies  of  the  world  would  be 
considerably  less  in  1896  than  the  average  of  the  four  preceding 
years,  and  probably  less  still  in  1897.  On  the  other  hand, 
prices  for  future  deliveries  show  little  change  as  the  spring 
advances,  as  if  no  deficiency  were  expected ;  the  assumption  pre- 
sumably being  that  the  higher  prices  will  cause  economy,  redac- 
tion of  stocks  and  reserves  for  home  consumption,  and  perhaps 
extension  of  area  sown,  in  exporting  countries. 

To  what  extent,  or  how  long,  therefore,  the  circumstances 
enumerated  will  have  an  influence  on  the  price  of  wheat,  or 
whether  others  will  arise  tending  to  maintain  or  to  counteract 
the  present  movement,  remains  to  be  seen.  No  doubt,  under  the 
influence  of  extensive  war,  involving  powerful  nations  and 
large  populations,  there  would  be  more  or  less  rise  in  prices, 
for  a  longer  or  shorter  period.  But,  independently  of  any 
such  calamity,  or  other  abnormal  contingency,  such  is  the 
extent  to  which  the  wheat-producing  capabilities  of  the  world 
have  been  opened  up,  and  show  possibilities  of  development, 
that  it  cannot  be  said  that  the  circumstances  indicate  much 
prospect  of  a  substantial  and  permanent  rise. 

John  Bennet  Lawes. 

J.  Henry  Gilbert. 

Bothamsted. 
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It  is  only  reasonable  to  expect  that  the  Report  of  a  Royal 
Commission  appointed  to  inquire  into  the  subject  of  Agricul- 
tural Depression,  ^hich  sat  for  nearly  four  years,  held  177 
meetings,  examined  191  witnesses,  and  have  put  on  record  a 
number  of  conclusions  and  recommendations,  should  sooner  or 
later  be  followed  by  legislation.  Nor  can  it  be  wondered  at 
that  the  Agricultural  Holdings  Act  of  1883,  which  brought 
legislation  to  bear  upon  an  entirely  new  subject,  should  have 
caused  dissatisfaction  to  many  of  those  whose  interests  might 
be  affected  by  its  provisions.  Indeed,  when  the  Judges  of  one 
Court  differ  from  those  of  another  in  their  interpretation  of  the 
law,  and  even  those  in  the  final  Court  of  Appeal  are  sometimes 
divided  in  their  view,  little  surprise  can  be  felt  that  a  claim  on 
one  side  for  compensation  under  the  Act  should  be  met  by  an 
appeal  or  larger  claim  on  the^ other  side:  or  that  the  ultimate 
result  should  be  unsatisfactory  and  expensive  to  both  parties 
concerned.  Nor  can  the  opinion  which  has  been  expressed  by 
some  farmers — "  that  any  fool  can  be  a  valuer  '* — be  held  to 
establish  any  serious  ground  of  reproach  against  those  who 
have  been  called  upon  to  act  in  that  capacity,  when  it  is 
considered  that  they  had  little  or  no  experience  to  guide 
them. 

Among  the  changes  which  the  Commissioners  recommend  as 
subjects  for  future  legislation,  those  which  appear  to  be  of  the 
most  importance  may  be  briefly  summarised  as  follows : — 

Much  greater  simplicity,  and  much  less  expensive  pro- 
cedure, in  the  settlement  of  claims  as  between  the  owner  and 
the  occupier  of  the  land. 

Kemoval  of  some  of  the  restrictions  still  embodied  in 

a2 
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Bome  agreements,  as  to  the  cnltivation  of  the  land,  and  the 
disposal  of  the  prodace. 

Compensation  to  be  allowed  to  the  tenant  for  the  con- 
sumption by  cattle,  sheep,  and  pigs,  of  com  prodaced  on  the 
holding ;  also  in  respect  of  corn  consumed  by-  horses  other 
than  those  regtdarly  employed  on  the  farm. 

Removal  from  Section  1   of  the  Agricultural  Holdings 
Act  (1883)  of  the  proviso  recognising  ^'  the  inherent  capa- 
bilities of  the  soil,"  a  term  which  appears  to  the  Cbm- 
missioners  to  be  obnoxious  to  many,  as  they  are  confident 
that  Referees  in  estimating  the  tenant's  interest  in  the  value 
of  an  improvement  will  take  into  consideration  the  character 
of  the  soil,  its  natural  fertility  and  capabilities,  without  any 
instruction  by  statute. 
It  is  somewhat  remarkable  that  the  term  "cumulative 
fertility "  is  also  objected  to.    Thus  in  the  course  of  the  dis- 
cussion at  the  Conference  of  the  Scottish  Chamber  of  Agri- 
culture held  in  Edinburgh  on  October  20,  Mr.  T.  H.  Elliott, 
Secretary  to  the  Board  of  Agriculture,  is  reported  to  have 
expressed  a  strong  objection  to  the  term  "  cumulative  fertility." 
He  said  that  the  phrase  used  to  haunt  him  a  little ;  he  met  it  at 
every  turn,  and  he  did  not  know  what  it  meant ;  and  he  was 
glad  that  it  had  disappeared  from  the  resolution. 

As  in  the  case  of  the  term  "  inherent  fertility,"  which  the 
Commissioners  propose  should  be  abandoned,  as  valuers  must 
recognise  the  fact  even  without  any  instruction  by  statute,  so 
in  the  case  of  the  term  "  cumulative  fertility  "  neither  owners 
nor  occupiers  will  quarrel  about  the  term,  provided  that  which 
it  is  intended  to  define  is  fairly  valued.  It  is  indeed,  satisfactory 
to  know  that  the  two  members  of  the  Commission  who  did  not 
sign  the  Report,  but  submitted  separate  reports  embodying 
their  own  views,  while  advocating  greater  freedom  to  the  tenant 
in  his  operations,  both  urge  the  importance  of  maintaining  the 
fertility  of  the  soil.  Thus,  Mr.  Lambert,  in  his  own  "  General 
Conclusions"  (h,  p.  224),  says  that  the  tenant  should  have 
"  freedom  to  crop  the  land  and  sell  the  produce,  provided  the 
fertility  of  the  soil  is  maintained."  And  Mr.  Channing,  in  his 
own  ^*  Recommendations"  (10,  p.  869),  says  "tenants  should 
be  free  to  cultivate  the  land  and  sell  produce  to  the  best 
advantage,  so  long  as  they  maintain  its  fertility." 

No  one  can  doubt  that  the  soils  of  Great  Britain  vary  very 
greatly  in  their  character  and  composition — from  the  lightest 
soils  in  Norfolk,  which  practically  require  the  whole,  or  even 
sometimes  more  than  the  whole,  of  the  food  taken  up  from  the 
soil  by  the  growing  crops  to  be  supplied  from  external  sources,  to 
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the  deep  allavial  eoils  which  are  very  rich  in  fertility,  not  only  on 
the  sorface,  bat  to  a  considerable  depth.  The  majority  of  the  soils 
of  the  country  are  neither  so  poor  nor  so  rich  as  those  above 
referred  to ;  bnt,  in  many  districts,  continuous  good  farming 
is  to  be  found.  It  is  chiefly  those  who  depend  upon  town 
manures,  or  the  products  of  other  countries  in  the  form  of  cakes, 
com,  &c.,  and  who  know  that  to  accumulate  fertility  in  the 
soil,  or  in  other  words  to  bring  the  land  into  condition,  is  a 
work  of  time,  and  involves  considerable  outlay,  who  are  looking 
forward  to  legislation  to  protect  their  interests. 

As  part  of  the  Bothamsted  Estate  has  been  devoted  to 
exact  experiment  for  a  longer  series  of  years  than  any  other 
land,  and  as  it  does  not  differ  much  in  character  and  in  inherent 
^i^iUty  from  that  over  a  considerable  area  of  the  district,  It  will 
be  of  interest  briefly  to  refer  to  its  previous  history  as  shown  by 
the  records  available.  There  is  evidence  that  as  far  back  as  the 
early  part  of  the  sixteenth  century  most  of  it  was  already  under 
arable  cultivation,  partly  in  the  hands  of  the  owner,  and  partly 
in  that  of  tenants.  The  Manor  House  was  even  then  old,  the 
Manor  of  Bothamsted  dating  back  to  a  very  early  period.  It 
may  be  assumed,  therefore,  that  much  of  the  land  has  been 
under  arable  cultivation,  such  as  it  was,  for  some  centuries. 
Coming  to  more  recent  times,  it  is  found  that  in  1802  the  rent 
of  the  estate  was  raised  to  20«.  per  acre,  the  tenant  paying 
the  tithe.  This  rental  continued  without  change  up  to  1822, 
when  it  was  reduced  in  consequence  of  the  great  fall  in  the 
price  of  com,  and  the  return  to  money  payments.  The  tenants 
held  the  farms  as  annual  tenants,  leases  not  being  customary  in 
the  district ;  and  the  agreement  signed  by  the  tenant  bound 
him  to  farm  according  to  the  custom  of  the  country. 

The  custom  comprised  a  five-course  rotation  of  turnips, 
barley,  clover,  wheat,  and  oats ;  peas,  beans,  or  summer  fallow, 
being  admissible  instead  of  the  clover.  The  tenant  might  sell 
the  wheat,  barley,  peas,  and  beans,  but  was  to  consume  all  hay, 
straw,  roots,  and  green  crops  on  the  holding ;  excepting  that 
he  miffht  sell  off  hay,  wheat-straw,  and  one-fifth  of  the  roots,  on 
condition  that  he  brought  back  for  every  load  of  such  produce 
sold  or  carried  off,  one  ton  of  good  dung  or  other  manure  of 
equal  strength  and  value.  More  recently  the  consumption  by 
cattle,  sheep,  or  pigs  of  purchased  feeding-stuffii  has  been  deemed 
an  equivalent  to  manure. 

Up  to  nearly  the  middle  of  the  present  centuiTy  artificial 
manures  were  but  little  used.  There  can  be  no  doubt  that  for 
a  very  long  period — in  fact  from  the  time  when  the  land  was 
broken  up  and  subjected  to  arable  cultivation — there  was  a 
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gradual  removal  and  loBs  of  some  of  the  oonstituents  of  the  soU* 
So  far,  for  example,  as  the  nitrogen  is  concerned,  it  is  certain 
that  the  amount  of  it  contained  in  the  surface  soil  is  considerably 
less  in  its  present  arable  condition  than  it  was  before  it  was 
broken  up*  In  fact,  as  we  have  said  elsewhere,  "  When  it  is 
borne  in  mind  that  all  our  arable  soils  were  originally  covered 
with  natural  herbage  or  timber,  and  that  during  centuries  of 
arable  culture  much  of  the  previously  accumulated  fertility  has 
thereby  been  removed,  it  will  readily  be  understood  that  in  the 
re-conversion  of  such  arable  land  into  permanent  grass,  much  of 
the  used-up  accumulated  fertility  must  be  restored,  before  we 
can  get  it  back  into  a  satisfactory  condition.'' 

It  is  obvious  that,  under  the  system  which  has  been  described, 
a  slow  exhaustion  of  the  soil  must  have  been  taking  place  for 
centuries ;  and,  doubtless,  exhaustion  to  a  greater  or  less  extent 
must  have  taken  place  over  large  areas  of  Great  Britain.  The 
limits  of  reasonable  exhaustion  are  indicated  in  some  measure 
by  the  character  of  the  rotations  adopted,  whether  a  four,  a  five, 
or  a  seven  year  course.  In  some  districts,  however,  the  tenant 
is  required  to  apply  lime  to  the  soil  periodically ;  but  as  the 
action  of  lime  is  to  liberate  fertility,  when  it  is  said  that  the 
land  has  been  overlimed,  the  explanation  is  that  the  resources 
of  the  soil  have  been  overtaxed. 

Let  us  now  consider  how  far  soils  are  competent  to  yield 
profitable  crops  over  long  periods  of  time  from  their  own 
resources.  In  the  first  place,  it  will  be  well  to  point  out  what 
is  the  average  proportion  of  the  oonstituents  of  our  crops  which 
is  derived  from  the  resources  of  the  soil,  and  how  much  is 
obtained  from  the  atmosphere.  Leaving  out  of  consideration 
for  the  present  the  nitrogen,  which  will  be  considered  indepen* 
dently,  it  may  be  said  that  the  amount  of  mineral  or  incom- 
bustible matter  taken  up  in  the  crops  of  a  four-course  rotation 
would  only  be  about  5  or  6  per  cent,  of  the  total  produce ;  the 
remainder  consisting  of  non-nitrogenous  combustible  matter 
derived  from  the  atmosphere,  and  water.  As  to  the  important 
constituent  of  soils,  manures,  and  crops — ^the  nitrogen — ^there  is 
a  constant  loss  of  it  from  the  soil,  greater  or  less  according  to 
circumstances,  in  the  form  of  nitrates  passiug  off  in  the  drainage 
water ;  and  there  are  also  other  losses  of  it  from  the  soil  or  from 
the  manure.  Fart  of  this  loss  to  the  soil  and  to  the  growing 
crops  is,  however,  compensated  by  the  fixation  of  firee  nitrogen 
coincidently  with  the  growth  of  leguminous  crops. 

Thus,  stated  in  a  few  words,  the  conditions  as  between  the 
owner  and  the  occupier  appear  to  be,  that  the  owner  supplies 
the  use  of  a  house,  farm- buildiDgs,  &c.,  and  the  land,  which 
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snpplies  mineral  oonstitaents  and  a  certain  amonnt  of  nitrogeni 
by  Uie  aid  of  which  the  growing  crops  are  enabled  to  accamnlate 
a  large  amonnt  of  their  material  from  the  atmosphere,  and  the 
occnpier  is  allowed  to  remove  and  take  to  market  so  much  of 
the  produce  as  long  experience  has  proved  can  be  done  without 
injuriously  exhausting  the  ''  inherent "  capabilities  of  the  soil. 

Let  us  now  try  to  illustrate  the  extent,  and  the  limit,  of  the 
capabilities  of  a  soil  of  a  certain  description,  by  reference  to  the 
results  of  experiments  conducted  on  the  Bothamsted  soil,  with 
different  crops,  for  many  years.  The  soil  is  a  rather  heavy 
loam,  naturally  drained  by  the  chalk  which  occurs  at  a  varying 
depth  of  firom  10  to  20  feet  from  the  surface.  Just  below  the 
reach  of  the  plough  there  is  a  yellow  clay,  containing  many  flint 
stones ;  and  if  the  clay  be  brought  to  the  surface  it  is  found  to 
be  very  injurious  to  vegetation. 

Looking  upon  the  subject  from  a  chemical  point  of  view 
only,  it  would  seem  that  a  complete  analysis  of  the  soil  upon 
whidi  crops  were  to  be  experimentally  grown  should  be  one  of 
the  first  things  to  undertake ;  and  soon  after  the  commencement 
of  our  systematic  field  experiments,  the  importance  of  the 
subject  was  very  carefully  considered.  Having  regard,  how- 
ever, to  the  points  which  it  seemed  desirable  to  ascertain,  and 
to  the  inapplicability  of  the  methods  of  soil  analysis  then  adopted 
to  determine  what  was  wanted,  we  decided  that  for  the  time  the 
most  promisiog  line  of  investigation  was  to  confine  attention 
almost  exclusively  to  the  nitrogen  of  the  soil,  and  to  be  satisfied 
to  take  and  preserve  samples  of  the  experimental  soils  for  future 
investigation,  when  more  was  known  of  what  a  soil  either  is  or 
ought  to  be,  and  when  methods  of  analysis  were  avaUable  for 
determining  what  it  was  desired  to  know. 

A  few  years  ago  Dr.  Bernard  Dyer  made  a  step  in  advance 
by  devising  a  process  with  the  view  of  determining  not  only  the 
total  constituents  of  a  soil,  but  as  far  as  practicable  how  much 
of  the  most  important  constituents — ^the  potash  and  the  phos- 
phoric acid — was  probably  in  a  condition  of  availability  to  grow- 
ing crops.  It  is  obvious  that,  for  the  purpose  of  such  an 
investigation,  the  Bothamsted  soils,  which  had  been  subject  to 
known  conditions  as  to  manuring  and  cropping  for  many  years, 
would  be  found  to  be  very  valuable  material  for  such  an  inquiry. 
Accordingly,  Dr.  Bernard  Dyer  was  provided  with  a  series  of 
samples  taken  from  the  different  plots  of  our  experimental 
barley  field ;  and  in.  1 894  he  published  an  interesting  paper  on  the 
subject.  He  has  since  been  supplied  with  samples  firom  the 
different  plots,  taken  at  different  periods,  and  at  different  depths, 
from  the  field  which  is  now  growing  the  55th  crop  of  wheat  in 
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BucoesBion  on  the  same  land*  The  analyses  of  these  soib  are 
substantially  completed,  and  it  is  anticipated  that  the  resnlts 
will  soon  be  published.  Without  going  into  any  detail,  it  may- 
be said  that  within  the  reach  of  the  roots  of  our  crops  there  still 
remain  many  thousand  pounds  per  acre  of  each  of  the  three 
most  important  constituents  of  crops — ^nitrogen,  phosphoric 
acid,  and  potash.  By  far  the  greater  part  of  these  ezists  in  the 
soil  and  subsoil  in  a  condition  not  available  to  crops ;  but  a 
small  proportion  is  annually  liberated  by  the  aid  of  tillage 
operations  and  atmospheric  action,  and  the  degree  in  which  one 
description  of  soil  compared  with  another  is  capable  of  yielding 
up  the  required  constituents  to  crops,  is  to  a  great  extent  a 
measure  of  its  relative  fertility. 

So  far  we  have  referred  to  a  dass  of  soils  of  which  there  is 
evidence  that  they  have  yielded  remunerative  crops  firom  their 
own  resources  for  a  long  period  of  time.  It  is  not  to  be 
assumed  that  the  cultivators  of  such  soils  at  the  present  time 
do  not  in  a  greater  or  less  degree  have  recourse  to  fertility 
brought  from  without  in  the  form  of  cattle  foods  or  manures. 
There  is,  however,  a  large  class  of  soils  which  are  in  themselves 
so  deficient  in  the  constituents  essential  for  the  grov^h  of  good 
crops,  that  they  cannot  be  profitably  cultivated  without  a  large 
import  of  fertility.  It  is  the  large  body  of  farmers  who  culti- 
vate land  of  this  description,  and  also  those  who,  though 
cultivating  a  better  class  of  soils,  grow  upon  them  much  laiger 
crops  than  the  natural  resources  of  the  soil  are  competent  to 
yield,  who  are  anxious  to  have  provided  for  them,  simple  and 
inexpensive  means,  by  which  their  share  in  the  soil  capital  can 
be  secured  to  them. 

In  our  paper — *^  On  the  Valuation  of  Unexhausted 
Manures" — published  in  this  Journal  in  1885,  we  illustrated 
the  application  of  the  valuations  by  reference  to  the  case  of  a 
farm  cultivated  under  a  four-course  rotation  with  the  sale  of 
only  grain  and  meat.  Even  with  these  limitations  the  subject 
was  found  to  be  not  without  its  difficulties.  If,  however,  the 
recommendations  proposed  by  the  Royal  Commission  are 
embodied  in  a  new  Act,  and  under  it  the  farmer  may  grow  and 
sell  what  he  pleases,  and  receive  compensation  for  the  consump- 
tion of  home-grown  produce  which  he  might  otherwise 
sell,  it  is  obvious  that  the  questions  arising  will  be 
more  complicated,  and  that  the  difficulties  of  the  valuer  will 
be  considerably  increased.  In  the  hope  that  it  may  prove 
of  some  assistance  to  those  who  may  be  called  upon  to  decide, 
as  between  the  owner  and  the  occupier  of  land,  compli- 
^ted  questions  of  underground  values,  we  propose  to  give  some 
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illaBtrations  of  accumulation,  and  of  exhaustion,  from  the  results 
of  our  experiments  on  the  application  of  various  manures  to 
different  crops. 

Illustrations  of  Accumulation  and  of  Exhaustion 

OF  Fertility. 

In  1856  experiments  were  commenced  on  a  piece  of  old 
permanent  grass-land,  being  a  portion  of  the  Park  at  Botham- 
sted,  with  a  great  variety  of  manures.  One  plot  (3)  has  been 
continuously  nnmanured  for  more  than  forty  years  ;  first  crops 
only  being  removed  over  the  first  twenty  years,  but  first  and 
second  crops  (if  any)  over  the  second  twenty  years.  Another 
plot  (2)  received  fourteen  tons  of  farmyard  manure  per  acre 
annually  for  eight  years  in  succession,  and  it  has  since  been 
left  unmanured.  As  to  mowing  and  removal  of  the  crops,  it 
was  treated  in  the  same  way  as  the  permanently  unmanured 
plot.  The  following  Table  gives  the  average  annual  produce  of 
hay  per  acre  on  each  of  the  two  plots,  over  the  eight  years  in 
which  plot  2  received  farmyard  manure,  over  the  next  twelve 
years,  and  over  the  succeeding  twenty  years. 

Tablb  I. — Experiments  with  Farmyard  Manure  on  Permanent 

Gras8'land. 


8  years,  1856-63  (1st  crops  only) 
12    „      1864-75        „ 
20    n      1876-95  (1st,  and  2nd  crops  1 
if  any) J 


Unmanured 
eyery  year 

Farmyard 
manure, 
8  years 

1856-63; 

unmanured 
since 

Plots 

Plots 

cwt. 
23} 

19f 
25J 

cwt. 

Plots 

more  than 

Plots 


cwt. 
13i 


It  will  be  seen  that  over  the  eight  years  of  the  application 
of  the  manure,  the  dunged  plot  gave  an  average  of  19|^  cwt.  of 
hay  per  acre  per  annum  more  than  the  unmanured  plot.  Over 
the  next  twelve  years,  without  any  further  manure,  the  residue 
of  the  dung  gave  an  average  of  13^  cwt.  more  than  the  per- 
manently unmanured  plot.  Lastly,  over  the  succeeding  twenty 
years,  the  dung-residue  gave  an  average  of  4  cwt.  per  annum 
more  than  the  unmanured  plot ;  and  it  may  be  added  that  in  only 
one  year  of  the  twenty,  in  1893,  a  year  of  drought,  did  it  give 
less  produce  than  the  unmanured  plot.  It  is  true  that  the 
application  of  14  tons  of  farmyard  manure  per  acre  per  annum 
for  eight  years  in  succession  is  an  unususJly  heavy  dressing ; 
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bat  it  is  of  interest  to  know  tbat  the  residae  was  very  materially 
effective  for  some  years,  and  that  it  was  more  or  less  so  foi'  thirty- 
two  years  after  the  application.  In  fact,  the  details  show  that^ 
over  the  first  sLc  years  after  the  cessation  of  the  application^ 
there  was  as  much  average  annual  increase  of  produce  over  the 
onmanared,  as  over  the  eight  years  of  the  annual  application. 
From  that  time,  however,  it  declined  considerably. 

Another  illustration  of  the  effect  of  the  accumulated  fertility 
due  to  a  large  application  of  farmyard  manure  is  afforded  by 
our  experiments  on  the  continuous  growth  of  barley.  For 
twenty  years,  from  1852-1871,  14  tons  of  fSumyard  manure 
were  annually  applied  to  one  plot  (7).  The  application  was 
then  discontinued  on  one  half  (7-1),  but  continued  on  the  other 
half  (7-2),  and  the  experiment  has  now  been  so  continued  for 
twenty-five  years,  to  1896  inclusive.  The  following  Table  sum- 
marises the  results ;  and  it  also  gives  for  comparison  the  pro- 
duce without  manure,  and  that  by  a  mixed  mineral  manure 
containing  superphosphate  and  salts  of  potash,  soda  and  mag- 
nesia, but  no  nitrogen.  The  results  are  those  of  the  dressed  grain. 

Tablb  II. — ExperimetUs  wWh  Farmyard  Manure  on  Barley. 
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manured 

every 

year 


Plot  1-0 


20  years,  1852-71 


20 

6 

25 


t9 
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1872-91 
1892>96 
1872-96 


boahels 
20 

13* 
11* 
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Mixed 

mineral 

manure 

every 

year 


Farmyard  manure 


Plot  4-0 


bushels 
27* 

17* 
15 

1^ 


Every 
year 


Plot  7- J 


bushels 


SO  years 
185S-71 ; 

un- 

manured 

since 

Plot  7-1 


Plot  7-1 

Farmyard  Manure  SO  years ; 

afterwards  onmanared 


than 
plot7-S 


More 

than 

un- 

manuxed 


48i 


bnshds    '  bushels     bushels 


49 

50* 

49* 


80* 
24* 
29 


I  


More 

than 
mixed 
mineral 
manure 


bushela 


•M3 

+  H 

+  12* 


It  is  seen  that  over  the  first  twenty  years  after  the  cessation 
of  the  application  on  plot  7-1,  it  yielded  an  aveiage  of  80^ 
bushels  of  barley  per  acre  per  annum,  which  was,  however, 
18}  bushels  less  than  on  plot  7-2  with  the  continued  applica- 
tion ;  but  it  was  1 7  bushels  more  than  on  the  permanently 
unmanured  plot,  and  13  bushels  more  than  on  the  plot  with  a 
full  mineral  manure  without  nitrogen.  Over  the  next  five  years 
the  deficiency  compared  with  the  produce  where  the  application 
was  continued  was  26^  bushels  per  acre  per  annum ;  but  there 
was  still  12f  bushels  more  than  on  the  unmanured  plot,  and  9^ 
more  than  on  the  plot  with  the  full  mineral  manure.     Or^ 
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taking  the  effect  of  the  residne  on  plot  7-1  over  the  twenty-five 
years  since  the  application,  the  result  was  a  deficiency  of  20;^ 
bushels  per  acre  per  annum  compared  with  plot  7-2  with  the 
continued  application;  but  an  excess  of  16^  bushels  over  the 
permanently  unmanured  plot,  and  of  12|^  bushels  over  the 
purely  mineral  manured  plot.  In  reference  to  these  comparisons 
it  is  to  be  borne  in  mind,  as  shown  in  the  Table,  that  both  the 
unmanured  produce  and  that  by  mineral  manure  have  gone 
down  considerably  from  period  to  period,  so  that  the  increase 
given  as  due  to  the  residue  on  7-1  is  over  a  reduced  produce 
without  manure  and  by  mineral  manure. 

Lastly  in  regard  to  the  reduction  of  produce  after  the  cessa- 
tion of  the  annual  application  of  farmyard  manure,  although 
the  effect  of  the  residue  was  very  marked,  it  somewhat  rapidly 
declined,  notwithstanding  that  there  was  still  a  very  considerable 
accumulation  within  the  soil,  of  nitrogen  as  well  as  of  other 
constituents.  How,  then,  is  so  large  a  reduction  of  produce  to 
be  accounted  for  ?  The  nitrogen  of  farmyard  manure  exists  in 
veiy  different  conditions.  That  due  to  the  urine  of  the  animals 
will  be  the  most  rapidly  available;  that  in  the  finely  comminuted 
matter  in  the  solid  excrements  will  be  much  more  slowly  avail- 
able ;  and  that  in  the  litter  will  be  still  more  slowly  available. 
Hence  the  small  proportion  that  is  at  once  effective,  and  the 
very  large  amount  that  accumulates  within  the  soil  in  a  very 
slowly  available  condition.  But  the  evidence  at  command  leads 
to  the  conclusion  that  neither  in  the  wheat-field  nor  in  the 
barley-field  does  the  accumulation  within  the  soil  account  for 
the  whole  of  the  nitrogen  supplied  which  has  not  been  recovered 
in  the  increase  of  crop.  Some  is  doubtless  lost  as  nitrates  by 
drainage ;  and,  in  the  presence  of  so  much  organic  matter,  some 
is  no  doubt  lost  by  evolution  as  free  nitrogen.  The  fact  of  such 
losses  is  of  considerable  interest,  but  it  is  some  consolation  to 
believe  that  the  loss,  both  by  drainage  as  nitrates,  and  by 
evolution  as  free  nitrogen,  will  be  proportionally  much  less  in 
ordinary  farm  practice,  where  the  amounts  of  farmyard  manure 
applied  are  much  less,  and  where  various  crops,  with  different 
root-ranges,  and  different  periods  of  accumulation,  are  grown. 

In  the  same  experimental  barley-field^  experiments  have 
also  been  made  with  another  organic  manure,  namely,  rape-cake, 
which  was  applied  at  the  rate  of  2,000  lb.  per  acre  per  annum 
over  the  first  six  years,  1852-57  inclusive,  and  of  1,000  lb.  per 
acre  each  year  since ;  corresponding  in  all  to  about  20^  tons  per 
acre  over  the  forty  years,  1852-91.  In  each  year  there  were  four 
rape-cake  plots :  No.  1  with  rape-cake  alone ;  No.  2  with  rape- 
cske  and  superphosphate ;  No.  3  with  rape-cake  and  salts  of 
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potash,  Boda,  and  magnesia ;  and  No.  4  with  rape-cake,  and 
both  Buperphosphate  and  the  salts  of  potash,  soda,  and 
magnesia.  The  Table  (III.)  shows  the  amounts  of  dressed  grain 
yielded  per  acre  per  annum,  over  the  first  20,  the  second  20,  and 
the  40  years,  on  each  of  these  four  plots ;  and  also,  for  comparison, 
the  produce  on  each  of  four  plots,  respectively  with  nitrate  of 
soda  alone,  and  with  the  nitrate  and  the  same  mineral  manures 
as  in  the  case  of  the  rape-cake  plots.^ 


Table  III. — Experiments 

with  Rape-caJee  on 

Barley. 
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6f 
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8 
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The  Table  shows  that  when  the  rape-cake  and  nitrate  of 
soda  were  respectively  used  alone,  the  rape-cake,  which  itself 
contains  some  phosphate  and  potash,  yielded  an  average  over 
the  forty  years  of  41^  bushels  of  grain,  against  only  82f  bushels 
with  the  nitrate.  When  each  of  the  two  manures  was  used 
with  superphosphate  in  addition,  the  rape-cake  plot  yielded  an 
average  of  43|  bushels,  against  45f  on  the  nitrate  plot.  When 
salts  of  potash,  soda,  and  magnesia  were  applied  with  both  the 
rape-cake  and  the  nitrate,  the  rape-cake  plot  gave  39^  bushels 
against  only  33^  on  the  nitrate  plot.  Lastly,  when  both  super- 
phosphate and  salts  of  potash,  soda,  and  magnesia  were  used, 
the  rape-cake  gave  an  average  of  43^  bushels,  against  45^  on 
the  nitrate  plot.  These  results  show  that  the  addition  of 
phosphate  to  the  two  nitrogenous  manures  increased  their  pro- 
duce much  more  than  did  the  salts  of  potash,  soda,  and  magnesia. 

Comparing  the  produce  over  the  second  twenty  years  with 
that  of  tiie  first  in  each  case,  it  is  seen  that  with  both  manures 
there  was  very  considerable  reduction  of  produce  over  the 
second  period  compared  with  the  first,  and  the  difierence  was 

'  Fint  16  years  of  the  40,  the  ^  nitrate "  plots  reoeiyed  ammoninm-flalra 
instead  of  nitrate.  First  6  years,  400  lb.  ammonlam-salts  against  2,000  lb. 
rapo-cake ;  next  10  years,  200  lb.  ammoniam*  salts  against  1,000  lb.  rape-cake ; 
last  24  years,  275  lb.  nitrate  of  soda  (equal  in  nitrogen  to  300  lb.  ammonlom- 
salts)  against  1,000  lb.  rape-cake. 
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snbetantially  the  same,  whether  rape-cake  or  nitrate  (or  its 
equivalent  of  ammonia)  was  used  as  the  nitrogenous  manure. 
The  reduction  was,  in  fact,  in  both  cases  mainly  due  to  less 
fB^YOurable  seasons. 

The  rape-cake  contained  rather  more  nitrogen  than  the 
nitrate,  but  in  a  less  rapidly  available  condition ;  and  the  fact 
that,  notwithstanding  analyses  showed  a  considerable  residue 
of  nitrogen  from  the  rape-cake  within  the  soil,  and  also  some 
of  phosphoric  acid  and  potash,  there  should  still  be  practically 
as  much  reduction  of  produce  over  the  second  twenty  years  as 
with  the  nitrate,  is  evidence  that  the  residue  lefl  from  the  rape- 
cake  became  very  slowly  available. 

It  may  be  added,  however,  that  both  the  proportion  of  grain 
to  straw,  and  the  weight  per  bushel  of  the  grain,  were,  under 
each  of  the  four  conditions  as  to  mineral  manure,  considerably 
higher  in  the  produce  by  the  rape-cake  than  in  that  by  the 
nitrate.  In  regard  to  the  little  evidence  of  beneficial  action  of 
the  nitrogenous  and  mineral  residue  proved  to  have  been 
accumulated  within  the  soil  where  the  rape-cake  was  used,  it  is 
probable  that  in  somewhat  heavy  soils  generally,  as  in  the  case 
of  that  at  Sothamsted,the  residue  firom  rape-cake  will  become  less 
rapidly  available  than  it  would  in  lighter  and  more  porous  soils. 

The  next  Table  affords  a  very  remarkable  illustration  of  the 
effect  of  accumulation  due  to  long  continued  application  of  farm- 
yard or  stable  manure.  On  a  portion  of  ground  at  Rothamsted 
which  had  been  under  ordinary  kitchen  garden  cultivation  for 
probably  two  or  three  centuries,  involving  the  application  of 
frequent  and  large  amounts  of  farmyard  or  stable  dung,  red 
clover  was  sown  in  1854,  and  has  yielded  large  crops  for  more 
than  forty  years.  The  following  is  a  summary  of  the  estimated 
average  annual  produce  of  clover  hay  per  acre,  and  of  nitrogen 
in  it,  over  each  ten  yearly  period  of  the  forty  years. 

Table  IV. — Experiments  with  Red  Clover  on  rich  Garden  Soil. 


per 

CloTer  buy 
acre  per  annum 

Nitrogen  per  acre  per 
1  annum  (estimated) 

cwt. 

lb. 

10; 

jrears, 

1864-63 

954 

267 

» 

1864-73 

49| 

188 

I* 

1874-83 

46* 

122 

40 

n 

1884-93 
1854-93 

- 

46| 

125 

* 

59i 

159 

^' '  It  is  seen  that  there  was  an  average  produce  per  acre  per 
aannm  as  clover  hay,  of  95^  cwt.  over  the  first  ten  years,  of  49^ 
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Gwt.  over  the  second,  of  45^  cwt.  over  the  third,  of  46^  cwt.  over 
the  fourth,  and  of  59^  cwt.  over  the  forty  years.  Now,  even 
the  amounts  over  the  later  periods  correspond  to  what  would 
be  considered  fair,  though  not  large,  crops  when  clover  is  grown 
in  an  ordinary  course  of  rotation  only  once  in  four  or  eight 
years  or  more ;  so  that  the  produce  over  the  first  ten  years  on 
this  rich  garden  soil  was  very  unusually  heavy.  Indeed,  the 
average  annual  produce  over  the  whole  period  of  forty  years, 
namely,  59J  cwt.,  or  nearly  3  tons  of  hay,  would  be  a  very 
good  yield  for  the  crop  grown  only  occasionally  in  the  ordinary 
course  of  agriculture. 

But  it  is  when  we  look  at  the  figures  in  the  last  column  of 
the  Table,  which  show  the  estimated  amounts  of  nitrogen  in  the 
crops,  and  compare  these  with  those  obtained  on  ordinary  arable 
land,  that  the  importance  and  significance  of  the  results  are 
recognised.  Thus,  the  amount  of  nitrogen  in  fair  crops  of 
wheat,  barley,  or  oats,  will  be  from  40  to  50  lb.  per  acre,  of 
beans  about  100  lb.,  of  meadow  hay  about  50  lb.,  and  of  clover 
grown  occasionally  in  rotation  from  100  to  150  lb.  But  here, 
on  rich  garden  soil,  the  produce  of  clover  has,  in  one  year,  con- 
tained more  than  400  lb.  of  nitrogen,  in  three  years  more  than 
300  lb.,  in  several  more  than  200  lb.,  and  in  only  thirteen  of 
the  forty  years  less  than  100  lb. ;  whilst,  as  the  Table  shows,  the 
estimated  average  annual  yield  of  nitrogen  in  the  above-ground 
growth  was,  over  the  first  ten  years  257  lb.,  over  the  second 
133  lb.,  over  the  third  122  lb.,  over  the  last  ten  years  125  lb., 
and  over  the  whole  period  of  forty  years  159  lb.  Further,  the 
averages  over  the  second,  third,  and  fourth  ten  yearly  periods  of 
the  continuous  growth  of  red  clover  were  about  as  much  as  a 
fair,  but  not  a  li^ge,  crop  grown  occasionally  under  the  ordinary 
conditions  of  agriculture ;  whilst  the  average  of  the  forty  years  is 
as  much  as  in  a  really  good  crop  grown  occasionally  in  rotation. 

In  reference  to  the  above  extraordinary  amounts  of  red 
clover  grown  for  forty  years  in  succession  on  rich  garden  soil, 
and  of  the  large  amounts  of  nitrogen  in  it,  it  may  be  stated 
that,  in  1857,  after  the  removal  of  the  crops  of  the  fourth  year 
of  the  experiments,  the  surface  soil,  nine  inches  deep,  was  foand 
to  contain  nearly  four  times  as  much  nitrogen  as  the  average  of 
the  Bothamsted  arable  soils  to  the  same  depth,  and  nearly  five 
times  as  much  as  the  exhausted  arable  land  where  red  clover 
had  failed.  The  garden  soil  would  also  be  correspondingly  rich 
in  all  other  constituents.  Samples  of  both  the  first  and  the 
second  nine  inches  of  soil  were  taken  in  1879,  and  in  1896.  As 
to  the  surface  soil,  the  results  show  a  very  considerable  reduc- 
tion in  the  stock  of  nitrogen  in  it  from  period  to  period ;  thQ 
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rate  of  reduction  being  mnch  greater  over  the  twenty-one  years 
of  crop  from  1857  to  1879,  than  over  the  seventeen  years  from 
1879  to  1896.  That  is  to  say,  ooincidently  with  the  very 
marked  decline  in  the  clover  growing  capability  of  the  soil, 
there  was  a  great  redaction  in  the  stock  of  nitrogen  in  the 
surface  soil.  Farther,  with  the  redaction  in  the  stock  of  nitrogen 
in  the  soil,  there  was  not  only  a  reduced  amount  of  produce,  but 
a  reduced  persistence  of  the  plant,  much  more  frequent  sowings 
being  required. 

It  may  be  added,  that  the  loss  of  nitrogen  by  the  surface 
soil  was  estimated  to  be  more  than  one-third  of  the  total  amount 
it  contained  at  the  commencement ;  but  the  reduction  was  not 
sufficient  to  account  for  the  whole  of  the  nitrogen  removed  in 
the  crops.  The  evidence  points  to  the  conclusion,  however,  that 
the  resources  of  the  subsoil,  which  was  found  to  be  very  much 
richer  than  the  corresponding  depth  of  the  Bothamsted  ordinary 
arable  soils,  also  contributed  a  share  to  the  result. 

But  when  excessive  amounts  of  farmyard  manure  are  em- 
ployed, there  may  be  more  or  less  loss  by  the  evolution  of  free 
nitrogen  ;  and  so  far  as  this  may  have  occarred,  there  will  be  the 
less  of  the  ascertained  loss  of  the  soil  to  be  credited  to  assimila- 
tion by  the  growing  crop.  On  the  other  hand,  as  nodules  are 
found  on  the  roots  of  the  clover  growing  on  the  garden  soil,  it 
is  to  be  concluded  that  some  of  the  nitrogen  of  the  crops  was 
derived  by  fixation  of  free  nitrogen  under  the  influence  of  the 
microbe  action  within  the  nodules.  Nevertheless,  there  can  be 
no  doubt,  that  the  large  amounts  of  clover  grown,  and  of  nitrogen 
taken  up,  were  mainly  due  to  the  very  great  accumulations  of 
fertility  from  the  applications  of  unusually  large  amounts  of 
farmyard  manure  over  a  long  period  of  time. 

The  instances  which  have  so  far  been  given  of  the  accumu- 
lation of  fertility  within  the  soil  from  the  application  of  farm- 
yard manure,  obviously  relate  to  cases  of  accumulation  far  in 
excess  of  those  which  take  place  when  such  manure  is  applied 
in  the  much  smaller  quantities  usual  in  ordinary  agriculture. 
Still  the  illnstrations  are  not  without  interest  and  significance, 
and  are  worthy  of  the  attentive  consideration  of  those  who  are 
called  upon  to  estimate  underground  values. 

We  will  now  direct  attention  to  some  instances  showing  the 
amounts,  and  the  limits,  of  the  productive  effects  of  the  residue 
when  crops  are  grown  by  the  use  of  a  full  mineral  manure  with 
the  addition  of  moderate,  and  of  excessive,  amounts  of  nitro- 
genous manure  in  the  form  of  ammonium-salts.  For  thirteen 
years,  from  1852  to  1864  inclusive,  wheat  was  gpx)wn  on  four 
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plots  in  the  experimental  wheat-field,  each  of  which  received 
the  same  mixed  mineral  manure,  containing  potash,  soda, 
magnesia,  and  superphosphate ;  on  one  (5)  with  the  mineral 
manure- alone;  on  another  (7)  with  the  addition  of  400  lb.  of 
ammonium-salts;  on  the  third  (8)  with  600  lb.;  and  on  the 
fourth  (16)  with  800  lb.  of  ammonium-salts,  in  addition  to  the 
mineral  manure.  At  the  expiration  of  the  thirteen  years,  how- 
ever, the  application  was  entirely  stopped  on  Plot  16  with  the 
very  excessive  amount  of  ammonium-siedts,  and  it  was  then  left 
unmanured  for  nineteen  years ;  whilst  the  same  applications  as 
before  were  continued  on  the  other  3  plots.  Q3ie  following 
Table  summarises  the  quantities  of  dressed  grain  yielded. 

Table  V. — Bxperimenis  on  Wheats  with  Artificial  Manures, 


Mixed  mineral  manure 


alone 


Plots 


13  years,  1852-64 
19    ,,       1865-83 


and  ammo- 

nium<4alt8 

=86  lb. 

nitrogen 


and  ammo- 
nium-salta 

=  129  lb. 

nitrogen 


Plot  7 


bashels 
18| 

isl 


bushels 
37i 
29} 


and  ammo- 
nium-salts 
=  172  lb. 
nitrogen 
13  yean, 
1862>64. 

Un- 
mannred 
19  years, 
1865-83 


Plots 


bushels 
39 
34| 


Plot  16 


bushels 
39i 

14* 


Plot  16 


more 
or  leas 
than 
Plot  5 


more 

or  less 

than 

Plot? 


more 

or  leas 

than 

Plots 


bushels   bushels 
+  21i 


+  y 


bnshelft 
+  2f;  +  Oi 
-161-19} 


Before  referring  to  the  figures,  it  may  be  stated  that  in 
1863,  which  was  the  year  of  the  highest  yield  of  wheat  during 
the  whole  course  of  our  experiments,  the  three  plots  (7,  8,  and 
16)  receiving  the  different  amounts  of  ammonium-salts,  yielded 
respectively,  53f ,  55|,  and  55  J  bushels  of  wheat ;  whilst  in  1864, 
which  was  aJso  a  very  favourable  year  for  wheat,  they  yielded 
451,  49J,  and  51^  bushels.  That  is,  the  plot  receiving  the 
highest  amount  of  ammonium-salts  yielded,  even  in  the  most 
favourable  seasons,  scarcely  any  more  than  Plot  8  with  200  lb. 
less  annually  applied.  Then,  as  the  Table  shows,  the  average 
yield  over  the  thirteen  years  of  the  application  of  the  very  ex- 
cessive amount  of  ammonium-salts  to  Plot  16  was  only  half  a 
bushel  more  than  on  Plot  8  with  200  lb.  less;  and  only  2§ 
bushels  less  than  on  Plot  7  with  400  lb.  less  annually  applied. 
Under  these  circumstances,  it  was  decided  to  stop  the  applica- 
tion altogether  on  Plot  16  with  the  highest  amount  of  ammonium- 
salts,  and  to  take  a  series  of  crops  without  any  manure,  to  test 
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the  prodactive  effects  of  any  residue  that  there  might  be,  and  the 
experiment  was  so  continued  for  nineteen  years. 

Details  not  given  in  the  Table  show,  that  in  the  first  year 
after  tiie  cessation  of  the  application  of  ammonium-salts  to  Plot 
16,  it  yielded  32|  bushels  of  wheat,  against  43^  on  Plot  8,  and 
40^  on  Plot  7,  where  the  respective  amounts  of  ammonium-salts 
were  still  applied.  After  that,  however,  there  was  a  very  marked 
decline  on  Plot  16,  giving,  as  the  table  shows,  an  average 
produce  of  only  14f  bushels  over  the  19  years  without  manure, 
against  an  average  of  39^  bushels  over  the  preceding  13  years 
of  the  annual  application  of  the  manure.  It  is  further  seen  that 
over  the  19  years  the  residue  gave  an  average  of  only  1^  bushel 
more  than  Plot  5  with  the  mineral  manure  without  nitrogen 
(the  produce  of  which  had  itself  declined  more  than  this  over 
the  19  years) ;  whilst  it  gave  15^  bushels  less  than  Plot  7, 
with  400  lb.  of  ammonium-salts  still  annually  applied,  and 
19|  bushels  less  than  Plot  8  with  the  continued  application  of 
600  lb.  of  ammonium-salts. 

There  is,  in  fact,  abundant  evidence  to  show,  that  there  is 
but  little  effective  vnam/wre  residue  after  the  growth  of  a  grain  crop 
by  the  application  of  ammonium-salts ;  and  there  is  little  doubt 
that  the  produce  of  1^  bushel  of  grain,  and  its  straw,  per  acre 
per  annum  more  over  the  19  years  after  the  cessation  of  the 
application  of  ammonium-salts,  than  on  Plot  6  with  the  mineral 
manure  alone  is,  so  far  as  it  is  to  be  attributed  to  residue,  mainly 
due  to  the  increased  crop  residue^  stubble  and  roots,  accumulated 
during  the  13  years  of  the  application.  And  much  the  same 
may  be  said  of  the  after  effects  when  grain  crops  have  been 
grown  by  the  aid  of  nitrate  of  soda. 

In  contrast  with  the  foregoing  results  showing  that  there  is 
practically  little  or  no  effective  manure  residue  when  am- 
monium-salts have  been  applied  and  a  grain  crop  grown,  we  have 
now  to  adduce  results  showing  the  persistent,  though  it  is  true 
comparatively  slow,  effect  of  residues  of  phosphoric  acid,  and  of 
potash,  previously  applied.  The  results  given  in  the  next  Table 
(VI.,  p.  18)  illustrate  the  point. 

The  two  plots,  10a  and  106,  have  grown  wheat  from  1844 
up  to  the  present  time.  For  the  crop  of  1844  they  each 
received  a  mineral  manure  containing  potash  and  super- 
phosphate. In  each  of  the  next  seven  years,  to  1851  inclusive, 
lOa  received  ammonium-salts  alone.  During  the  same  seven 
years  106  twice  received  mineral  manure  containing  potash, 
soda,  magnesia,  and  superphosphate,  and  five  times  ammonium- 
salts.    In  other  words,  during  the  first  eight  years  to  1851 
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inclnsive,  lOh  twice  received  potash  and  phosphoric  acid  when 
10a  did  not.  Prom  1852  up  to  the  present  time,  each  of  the 
two  plots  has  received  exactly  the  same  manure,  namely,  400  lb. 
of  ammonium-salts  per  acre  per  annum.  The  Table  shows  the 
average  produce  of  dressed  grain  per  acre  per  annnm  on  each  of 
the  two  plots,  over  each  of  the  four  10-yearly  periods,  and  over 
the  40  years,  1852-91. 

Table  VI. — Experiments  on  WTiecU,  tdth  Artificial  Manures* 
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It  is  seen  that,  over  each  of  the  four  10-yearly  periods,  106, 
which  had  previously  received  potash  and  phosphoric  acid  twice 
more  than  10a  during  the  eight  years  prior  to  the  commence- 
ment of  the  experiment,  gave  also  more  produce  of  grain  than 
10a ;  the  ex(5ess  diminishing,  however,  from  period  to  period.  As 
the  last  column  shows,  there  was  an  average  annual  excess  over 
the  first  ten  years  of  the  effect  of  the  residue  of  potash  and 
phosphoric  acid,  of  4§  bushels,  over  the  second  ten  years  of 
2^  bushels,  over  the  third  of  If  bushel,  and  over  the  fourth  of 
only  J  bushel ;  or,  taking  the  average  of  the  forty  years,  there 
was  an  excess  on  10b,  with  the  greater  residue  of  potash  and 
phosphoric  acid  previously  applied,  of  2|  bushels  i)er  acre  per 
annum  more  than  on  10a.  It  happens  that  we  have  the  analyses 
of  the  ashes  of  the  crops  over  each  of  these  10-yearly  periods, 
and  the  results  show  that  over  each  there  was  more  of  both 
potash  and  phosphoric  acid  in  the  crops  of  10b  than  in  those 
of  10a,  the  excess  diminishing  from  period  to  period.  Over  the 
forty  years,  however,  the  total  produce  per  acre  (grain  and  straw) 
of  10/^  contained  108  lb.  more  potash,  and  69*5  lb.  more  phos- 
phoric acid,  than  that  of  10a. 

There  can  be  no  doubt,  therefore,  that  the  extra  potash  and 
phosphoric  acid  applied  on  10^  prior  to  the  period  of  forty  years 
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to  which  the  resnlts  in  the  Table  refer,  had  a  distinct  influence 
both  on  the  amounts  of  potash  and  phosphoric  acid  taken  np  in 
the  crops,  and  with  this  on  the  amount  of  produce  over  the  suc- 
ceeding forty  years.  Further,  the  effect  of  the  residue  diminished 
from  period  to  period ;  whilst  calculations  show  that,  over  the 
forty  years,  much  less  than  the  total  excess  of  potash  and  phos- 
phoric acid  applied  on  106  had  been  taken  up.  The  evidence 
is,  therefore,  clear,  that  in  the  case  of  some  soils  the  at  first  un- 
recovered  residue  of  both  potash  and  phosphoric  acid  becomes 
partially  and  slowly  available  for  future  crops  for  many  years. 

So  far  as  potash  is  concerned,  the  results  next  to  be  quoted 
afford  striking  evidence  on  the  point.  During  the  eight  years 
preceding  the  period  of  forty  to  which  the  results  in  the  Table 
(VII ,  p.  20)  relate,  the  four  plots,  Nos.  11,  12,  13,  and  14,  in 
the  experimental  wheat-field  were  manured  as  follows.  Each 
received  an  abundance  of  superphosphate,  representing  in 
round  numbers  ^bout  500  lb.  of  phosphoric  acid  over  the  eight 
years;  also  a  considerable  amount  of  ammonium-salts,  some 
rape-cake,  and  two  of  them  a  little  guano.  No.  11,  however, 
received  neither  potash  (except  a  little  in  rape-cake),  soda,  nor 
magnesia;  No.  12,  587  lb.  of  potash,  and  some  soda  and  mag- 
nesia ;  No.  13,  737  lb.  of  potash,  and  a  little  magnesia ;  and 
No.  14,  566  lb.  of  potash,  some  soda,  and  some  magnesia. 
There  would,  therefore,  be  a  considerable  residue  of  phosphoric 
acid  on  each  of  the  four  Plots,  and  of  potash  on  Plots  12, 13,  and 
14.  With  the  plots  in  this  condition  as  to  residue  of  phos- 
phoric acid  and  potash  from  previous  applications,  they  were 
manured  in  each  of  the  succeeding  forty  years,  from  1852  to 
1891  inclusive,  as  follows.  Each  received  the  same  amount  of 
superphosphate,  and  the  same  amount  of  ammonium-salts,  every 
year.  Plot  11  received  neither  potash,  soda,  nor  magnesia. 
Plot  12  received  sulphate  of  soda.  Plot  13  sulphate  of  potash,  and 
Plot  14  sulphate  of  magnesia,  in  addition,  every  year. 

The  Table  (VII.)  shows  the  average  annual  produce  of  grain, 
on  each  of  the  four  plots,  over  each  of  the  four  ten  yearly  periods, 
and  over  the  forty  years ;  also  the  average  annual  produce  of 
straw  over  the  forty  years. 

Looking  to  the  right-hand  division  of  the  table,  it  is  seen 
that,  over  the  forty  years,  Plot  12,  with  a  considerable  residue 
of  potash  from  previous  years,  gave  an  increase  over  Plot  11 
without  any  potash  supply,  of  5f  bushels  of  grain,  and  5^  cwt. 
of  straw,  per  acre  per  annum ;  and  Plot  14,  also  with  a  large 
residue  of  potash,  gave  an  average  annual  increase  over  Plot  11, 
of  6^  bushels  of  grain,  and  6|  cwt.  of  straw.  Plot  13,  however, 
with  both  residue  and  direct  supply  of  potash,  gave  an  increase 
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oyer  Plot  1 1 ,  of  6f  bashels  of  grain,  and  8  cwt.  of  straw,  per  acre 
per  annum.  It  dioold  be  added  that  the  crops  on  Plot  11,  with 
the  great  deficiency  of  potash,  showed  more  and  more  an  un- 
healthy condition,  especially  in  nnfayourable  seasons ;  and  the 
grain  gave,  over  each  period,  a  lower  weight  per 'bushel  than  on 
either  Plots  12  or  14,  and  lower  still  than  on  Plot  13,  which 
over  each  period  gave  the  highest  weight. 

Tablb  YII. — Bxperiments  on  WhecU,  with  Artificial  Manures. 
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That  the  renalt,  both  as  to  quantity  and  quality  of  produce, 
was  directly  connected  with  the  amount  of  potash  available 
within  the  soil,  and  not  with  that  of  the  soda  on  Plot  1 2,  or  of 
the  magnesia  on  Plot  14,  is  evident  from  the  following  facts. 
The  amount  of  soda  in  the  forty  years'  crops  (grain  and  straw) 
was  considerably  less  in  those  of  Plot  12  with  soda  annually 
supplied,  than  in  those  of  Plot  11  with  none  supplied;  and  the 
amount  of  magnesia  in  the  crops  of  Plot  14  with  magnesia  sup- 
plied, was  only  55  lb.  more  over  the  forty  years  than  in  those  of 
Plot  11  with  none  supplied — the  excess  approximately  corre- 
sponding to  the  increase  of  crop.  On  the  other  hand,  the 
amounts  of  potash  found  in  the  crops  of  the  forty  years,  were 
466  lb.  more  on  Plot  12,  and  538  lb.  more  on  Plot  14,  each 
with  residue  of  potash,  than  on  Plot  1 1  without  either  residue  or 
direct  supply  of  potash  ;  whilst  the  crops  of  Plot  13,  with  both 
residue  and  direct  supply  of  potash,  and  the  best  condition  of 
the  crops,  contained  1,065  lb.  more  potash  than  those  of  Plot  11. 
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Inasmuch,  however,  as  the  Rothamsted  soil  and  subsoil  con- 
tain an  enormous  quantity  of  potash,  of  which  a  certain  amount 
is  annually  liberated  in  an  available  condition,  and  the  quantity 
of  this  is  influenced  in  some,  but  an  unknown  degree,  by  the 
action  of  the  other  saline  matters  supplied  in  the  manures,  it 
would  be  unsafe  to  say  that  exactly  the  amount  of  the  excess 
taken  up  on  Plots  1 2  and  14,  compared  with  Plot  11,  was  attri- 
butable to  residue,  and  none  at  all  to  natural  soil  resources. 

It  may  be  considered  established,  that  when  phosphates 
or  ])ota8h  are  applied  to  such  a  soil,  little  if  any  phosphoric 
acid,  and  not  much  potash,  will  be  lost  by  drainage,  and  that 
the  residue  left  after  the  growth  of  a  crop  will  in  great  part 
remain ;  and  although  in  a  less  rapidly  available  condition 
than  a  fresh  supply  would  be,  some  of  it  will  become  gradually 
available  to  succeeding  crops,  and  so  at  any  rate  serve  to 
prevent  exhaustion.  Its  value  will,  however,  obviously  be 
much  less  than  that  of  an  equal  amount  freshly  applied. 

The  evidence  adduced  in  the  various  foregoing  illustrations 
shows,  that  very  large  crops  can  be  grown  by  means  of  artificial 
manures  containing  ammoniumnsalts  or  nitrate  of  soda,  with 
phosphoric  acid  and  potash,  without  organic  matter,  but  that  so 
far  as  the  nitrogen  of  the  manures  is  concerned,  and  especially 
when  such  manures  are  applied  for  grain  crops,  there  is  but 
little  accumulation  in  the  soil  for  future  crops,  there  being  fre- 
quently very  considerable  loss  as  nitrates  by  drainage.  Then  as 
to  the  phosphoric  acid  and  potash  of  artificial  manures,  they 
are  not  subject  to  material  loss  by  drainage,  as  is  the  nitrogen ; 
but  they  enter  into  more  or  less  fixed  combinations  within  the 
soil,  from  which  they  are  only  very  slowly  liberated  in  a  con- 
dition of  solubility  available  for  growing  crops.  When, 
however,  crops  are  grown  by  means  of  purchased  dung,  or  by 
the  consumption  of  cake,  com,  &c.,  by  stock,  there  will  be 
"cumulative  fertility,"  for  which  there  would  be  claim  for 
compensation ;  and  farmers,  who  know  that  when  land  has  been 
unduly  exhausted  it  cannot  be  got  into  condition  again  under 
several  years,  and  that  when  it  is  in  good  condition  it  will  yield 
good  crops  for  several  years,  look  to  the  Legislature  to  protect 
their  interests. 

The  Valuation  of  Unexhausted  Manures. 

Our  last  paper  on  this  subject  was  published  in  this  Journal 
in  1885.  Since  that  time,  there  have  been  great  changes  in 
the  value  both  of  articles  used  as  food  for  stock,  and  of  the 
various  constituents  upon  which  the  value  of  artificial  manures 
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depends.  Oar  tables  have,  therefore,  now  lost  much  of  their  appli- 
cability, and  we  have  frequently  been  asked  to  adapt  them  to  the 
present  scale  of  prices ;  and,  as  questions  of  compensation  are 
sure  to  become  matters  of  importance  before  long,  we  are  glad 
to  take  the  opportunity  of  reconsidering  our  valuations. 

The  first  Table,  now  numbered  VIII.  (p.  24),  which  gives 
the  ^'Averdge  Composition,  per  Cent,  and  per  Ton,  of  Cattle  Foods  " 
is  not  altered.  The  second  Table  (IX.,  pp.  28-29),  "  Showing 
the  Data,  the  Method,  and  the  Results  of  the  Estimation  of  the 
Original  Mcurmre^alue  of  Cattle  Foods  after  Conswmptiony^ 
is,  however,  very  materially  altered  so  far  as  the  money 
valuations  are  concerned.  These  are  now  reduced  by  about 
one-third,  as  will  be  further  explained  presently.  The  third 
Table  (X.,  p.  33)  is  altered  throughout,  in  accordance  witii 
the  altered  total  or  original  manure- value  as  given  in  the  second 
Table  (IX.)  ;  and  the  table  on  p.  35,  which  gives  an  illustration 
of  the  application  of  the  valuations,  is  also  altered,  in  accordance 
with  the  new  rates  of  value.  •  To  render  the  Tables  easily  intel- 
ligible, and  the  more  convenient  for  reference  and  use,  the 
description  and  discussion  of  them  as  given  in  our  previous  paper 
is  now  substantially  reproduced,  but  with  such  alterations  or 
corrections  as  the  changes  in  them  indicate  to  be  necessary. 
For  any  further  details,  we  must  refer  to  the  earlier  papers 
themselves,  published  in  this  Journal  in  1875,  and  in  1885, 
especially  the  latter. 

The  existence  of  uyiexhausted  fertilify,  resulting  from  the 
consumption  of  cattle  foods,  depends  upon  the  fact  that  when 
organic  matter,  animal  or  vegetable,  is  applied  to  the  soil  as 
manure,  its  complete  decay,  and  the  complete  liberation  of  its 
fertilising  constituents,  extend  over  a  considerable  period  of 
time.  Poor  land  cannot  be  suddenly  brought  into  "  condition  " 
by  the  consumption  on  the  farm  of  purchased  foods.  Nor  can 
"  condition  " — that  is,  accumulated  fertility — ^be  at  once  with- 
drawn by  suddenly  stopping  the  use  of  the  foods. 

As  has  been  shown,  the  Rothamsted  field  experiments  afford 
numerous  illustrations  of  such  gradual  accumulation,  and  only 
gradual  exhaustion.  It  has  been  seen  that  it  may  take  a  great 
Lnj  years  of  unmanured  cropping  to  exhaust  t  JaccmnuSon 
from  a  few  years'  application  of  dnn^,  and  to  bring  the  land 
back  to  its  original  state.  Ever  when  rape  cake  is  applied  for 
the  continuous  growth  of  com  crops,  a  considerable  unexhausted 
residue  remains  in  the  soil.  The  fact  that  such  accumulation 
does  take  place  cannot  be  disputed.  But  when  we  come  to 
consider — of  what  the  accumulation  consists,  what  is  its  amount, 
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and  what  its  money  value,  the  real  difficnlties  of  the  problem  to 
be  solved  become  apparent. 

Each  individaal  food,  when  jndicionsly  used  in  conjunction 
with  others,  contributes  more  or  less  to  the  increase  of  the 
animal  consuming  it ;  and  the  increase  will  carry  away  a  certain 
amount  of  the  constituents  of  the  food.  The  remainder,  which 
constitute  the  manure,  will,  in  the  first  place,  increase  the 
produce  of  the  crops  to  which  it  is  applied ;  but  it  will  also 
leave  an  unexhausted  residue,  the  amount  and  the  money  value 
of  which  to  the  succeeding  tenant  we  have  to  endeavour  to 
determine. 

We  must,  then,  in  the  first  place,  form  an  estimate  of  the 
amount  of  increase  in  live  weight  of  animals  which  a  given 
quantity  of  each  food  will  produce,  and  of  the  amount  of 
manure  constituents  which  that  increase  will  take  from  the  food. 
Next,  we  must  endeavour  to  estimate  the  increase  in  the  crops, 
and  the  amount  of  constituents  so  removed.  .  Lastly,  the  amount, 
and  the  value,  of  the  manure  residue  has  te  be  estimated.  This 
we  have  done  in  the  case  of  a  number  of  the  foods,  the  composi- 
tion, the  original  manure  value,  and  the  unexhausted  manure 
value  of  which  are  given  in  the  Tables  which  follow.  We  have 
also  decided  upon  a  scale  of  reduction  of  the  unexhausted 
manure  value  from  year  to  year,  and  in  this  way  arrived  at  an 
estimate  of  the  money  value  of  the  residue  accumulated  over  a 
period  of  eight  years.  Finally,  having  thus  come  to  a  conclu- 
sion as  to  the  amount  of  what  may  be  called  the  compensation 
value  of  the  accumulated  residue,  we  have  devised  a  simple 
method  of  calculation,  starting  from  the  totals  or  original  manure 
value,  of  the  various  foods — that  is,  from  the  value  deducting 
the  constituents  in  the  increase  in  live  weight  only,  and 
reckoning  the  remainder  at  the  prices  at  which  they  can  be 
purchased  in  artificial  manures. 

Average  Convposition  of  Cattle  Foods, 

Table  VIII.,  p.  25,  shows  the  average  composition,  per  cent, 
and  per  ton,  of  thirty-six  different  foods,  so  far  as  this  is 
necessary  for  the  purpose  of  manure- value  calculations ;  that  is, 
it  gives  the  amounts  per  cent,  of  dry  matter,  nitrogen,  total 
mineral  matter  (ash),  phosphoric  acid,  and  potash,  and  the 
amount  per  ton  of  the  foods,  of  nitrogen,  phosphoric  acid,  and 
potash.  In  some  cases  the  figures  are  the  same  as  in  our 
original  Table,  published  in  1861 ;  but,  for  the  purposes  of  our 
paper — "On  the  Valuation  of  Unexhausted  Manures" — 
published  in  this  Journal  in  1885,  more  recent  analyses  were  in 
all  cases  had  recourse  to,  and  alterations  were  made  if  it  seemed 
desirable.     For  the  present  paper  (1897),  the  figures  as  to  the 


Table  VIIL — Average  Composition,  Per  Cent,  a/nd  Per  Ton^  of 

Cattk  Foods. 


FOODS 


1.  Linseed 

2.  LiDBeed  oake 

3.  Decorticated 

cotton  cake 

4.  Palm-nut  cake 
6.  Undecortioated 

cotton  cake 

6.  Cocoa-nut  oake 

7.  Bape  cake  • 

8.  Peas  . 

9.  Beans 

10.  Lentils 

11.  Tares  (seed) 

12.  Indian  com 

13.  Wheat 

14.  Malt  . 
16.  Barley 

16.  Oats  . 

17.  Bice  meal  * 

18.  Locust  beans  * 


19.  Malt  coombs 

20.  Fine  pollard 

21.  Coarse  pollard  . 

22.  Bran. 

23.  Clover  hay 

24.  Meadow  hay 

26.  Pea  straw  . 

26.  Oat  straw  . 

27.  Wheat  straw     . 

28.  Barley  straw 

29.  Bean  straw 

30.  Potatoes    . 

31.  Carrots 

32.  Parsnips    . 

33.  Mangel  wurzels . 

34.  Swedish  turnips 
36.  Yellow  turnips  > 
36.  White  turnips   . 


Percent. 


Fbrtoh 


Dry 
matter 


*^    I   (ash) 


percent. 
9000 
88-60 

90-00 

9100 

87-00 

9000 
89-00 


86-00 
86-00 
88-00 
84-00 


8800 
86-00 
94-00 
84-00 
8600 
9000 
8500 


90-00 
86-00 
8600 
86-00 


8300 
84-00 


82-60 
83-00 
84-00 
85-00 
82-60 


percent. 

3-60 

4-76 

6-60 

2-60 

3-76 

3-40 
4-90 


2600 
14-00 
16-00 
12-50 
1100 
900 
800 


3-60 
4-00 
4-20 
4-20 


1-70 
1-80 
1-70 
1-66 
2-00 
1-90 
1-20 


3-90 
2-45 

2-50 
2-50 


2-40 
1-50 


1-00 
0-50 
0-45 
0-40 
0-90 


0-25 
0-20 
0-22 
0-22 
0-26 
0-20 
0-18 


percent, 

4-00 

6-60 

7-00 

3-60 

6-00 

6-o6 

7-50 


Fho»* 

phoilc 

acid 


2-60 
3-00 
4-00 
2-50 


1-40 
1-70 
250 
2-20 
2-80 
7-50 
2-60 


800 
6-50 
6-40 
6-50 

7-00 
6-60 


5-50 
6-60 
600 
4-60 
600 


100 
0-90 
100 
100 
0-60 
0-66 
068 


percent. 
1-54 
200 

310 

1-20 

2-00 

1-40 
2-60 


0-85 
1-10 
0-76 
0-80 


0-60 
0-85 
0-80 
0-75 
0-60 
(0-60) 


2-00 
2-90 
3-50 
3-60 

0-67 
0-40 


0-36 
0-24 
0-24 
0-18 
0-30 


FotMh  I  Nitrogen 


0-16 
009 
019 
0-07 
006 
(006) 
0-06 


percent 
1-37 
1-40 

2*00 

0-60 

2-00 

2-00 
1-60 


096 
1-30 
0-70 
0-80 


0-37 
0-63 
0-50 
0-65 
0-60 
(0-37) 


2-00 
1-46 
1-60 
1-45 


1-50 
1-60 


100 
1-00 
0-80 
1-00 
100 


0-56 
0-28 
0-36 
0-40 
0  23 
(0-22) 
0-30 


lb. 
80-64 
106-40 

147-84 

6600 

8400 

7616 
109-76 

80-64 
89-60 
9408 
9408 


38-08 
40-32 
38-08 
36-96 
44-80 
42-56 
26-88 


87-36 
54-88 
5600 
56-00 


63-76 
33-60 


22-40 
11-20 
10-08 
8-96 
20-16 


6-60 
4-48 
4-93 
4-93 
6-60 
4-48 
4-03 


Fhoe- 

phoric  I  Potash 
add 


lb. 
34-60 
44-80 

69-44 

26-88 

44-80 

31-36 
66  00 


19-04 
24-64 
16%0 
17-92 


13-44 
19-04 
17-92 
16-80 
13-44 
(13-44) 


44-80 
64-96 
78-40 
80-64 


12-77 
8-96 


7-84 
5-38 
6-38 
403 
6-72 


8-36 
2-02 
4-26 
1-67 
1-34 
(1-34) 
112 


lb. 
30-69 
31*36 

44-80 

11-20 

44-80 

44-80 
33-60 

21-60 
29-12 
16-68 
17-92 


8-29 
11-87 
11-20 
12-32 
11-20 
(8*29) 


44-80 
32-70 
33-60 
32-48 

33-60 
85*84 


22-40 
22-40 
17-92 
22-40 
22-40 

12-32 
6*27 
8-06 
8-96 
4-93 

(4-93) 
6-72 


>  In  the  case  of  neither  Rice  Meal,  Locust  Beans,  nor  Yellow  Turnips,  have 
records  of  ash  analyses  been  found.  For  Rice  Meal  the  same  percentages  of  phos- 
phoric add  and  potash  as  in  Indian  Com,  and  for  Yellow  Turnips  the  same  as  in 
Swedec^  are  proTisionally  adopted ;  but  in  all  the  Tables  the  assumed  results  are 
giyen  in  parentheses.  For  Locust  Beans  no  figure  has  been  assumed,  and  the 
columns  are  left  blank. 
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composition  of  the  foods,  which  were  carefnUy  settled  in  1885, 
are  now  again  adopted. 

Although  the  figures  given  in  the  Table  (VIII.,  p.  24)  may 
be  taken  as  fairly  indicating  the  average  composition  of  the 
different  foods,  yet  it  mnst  be  understood  that  in  the  case  of 
almost  every  one  of  the  articles  in  the  list,  individual  samples 
may  vary  even  considerably  from  the  average.  In  the  case  of 
foods  which  are  manufactured,  or  imported,  the  percentage  of 
dry  matter  is  usually  high.  In  the  case  of  those  which  may  be 
eitiier  imported  or  home-grown,  the  variations  in  the  percentage 
of  dry  matter  in  different  samples  may  be  comparatively  wide ; 
it  being,  as  a  rule,  distinctly  higher  in  the  imported  articles, 
which  could  not  be  shipped  unless  in  a  drier  condition  than  is 
usual  with  the  home-grown  product.  In  such  cases,  therefore, 
the  imported  food  will  probably  contain  a  higher,  or  the  home- 
grown one  a  lower,  percentage  of  dry  matter  than  the  average 
amount  given  in  the  Table.  Even  in  the  case  of  professedly 
ripened  products,  such  as  cereal  grains  and  leguminous  seeds, 
the  character  of  the  season  will  materially  influence  their 
condition  of  dryness ;  and  the  same  remark  applies,  in  a  greater 
or  less  degree,  to  such  products  as  hays  and  straws.  Succulent 
matters,  again,  such  as  roots,  vary  very  considerably  according 
to  season,  and  to  condition  of  maturity. 

So  far  as  individual  coustituents  are  concerned,  very  similar 
reservations  must  be  made ;  and  especially  is  this  so  in  the  case 
of  the  nitrogen.  Even  with  professedly  ripened  products  the 
percentage  of  nitrogen  may  vary  considerably,  according  to  soil, 
manuring,  climate,  or  season,  &c.,  but  especially  according  to 
season ;  and  this  is  the  case  in  a  less  degree  with  the  phosphoric 
acid,  and  the  potash,  of  such  articles.  But  in  the  case  of  im- 
perfectly  ripened  products,  Bnch  as  hay,  and  in  a  much  greater 
degree  in  that  of  still  less  evenly  matured  and  more  succulent 
ones,  such  as  roots,  the  percentage  of  nitrogen  may  vary  very 
materially,  and  that  of  the  phosphoric  acid  and  potash  to  some 
extent. 

Whilst,  therefore,  the  figures  given  in  the  Table  may  be 
taken  as  representing  the  fairly  average  composition  of  the 
different  foods,  they  must  be  adopted  or  modified  with  judg- 
ment, having  regard  to  the  influence  of  the  conditions  of 
growth,  maturity,  preparation,  or  preservation,  to  which  they 
have  been  subject.  Fortunately,  however,  unless  the  variation 
from  the  standard  composition  adopted  in  the  Table  be  con- 
siderable— indeed,  more  than  is  usual — ^the  effect  on  the  estimates 
of  manure  value  will  not  be  material ;  but  it  will  obviously  be 
much  greaterin  the  case  of  the  nitrogen  than  in  that  of  either 
the  phosphoric  acid  or  the  potash. 
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Table  IX.  (pp.  28-29)  shows  the  method,  and  the  results, 
of  the  calctdation  of  the  total  or  original  manure  value  of  the 
different  foods,  adopting  as  a  basis  their  composition  as  given 
in  Table  VIII. 

The  first  column  of  the  Table  (IX.)  shows  the  estimated 
amounts  of  each  food  required  to  give  one  part  of  fattening 
increase  in  live-weight  of  oxen  or  sheep ;  and  the  second  column 
shows  the  amounts  of  such  increase  that  would,  accordingly,  be 
yielded  by  the  consumption  of  one  ton  of  each  food.  It  is 
obvious  that  some  estimate  of  this  kind  must  be  made  before 
we  can  reckon  how  much  of  the  manure  constituents  of  the 
food  are  carried  off  by  the  animal-increase,  and  consequently 
how  much  remain  for  manure.  These  columns  may,  however, 
be  very  seriously  misleading,  unless  their  real  meaning  be 
understood.  Thus,  if  given  without  further  explanation,  it 
might  be  concluded  that,  by  the  consumption  by  oxen  or  sheep 
of  one  ton  of  any  one  of  the  differeut  foods  used  alone,  the 
amount  of  fattening  increase  given  in  the  second  column  of  the 
Table  would  be  produced.  In  other  words,  that,  if  so  given,  a 
ton  of  linseed  cake  would  yield  373  lb.,  a  ton  of  oat  straw 
124  lb.,  or  a  ton  of  swedes  20^  lb.  of  increase.  What  is  meant 
is,  that  when  any  one  of  the  foods  is  given  in  the  judicious 
amount,  and  admixture  with  other  foods,  which  experience 
shows  to  be  beneficial,  it  may  be  estimated  that  one  ton  of  the 
food  so  consumed  will,  approximately,  contribute  the  amount  of 
increase  in  live-weight  stated. 

This  will  be  better  understood  by  giving  some  explanation 
of  the  way  in  which  the  figures  have  been  arrived  at.  In  the 
case  of  a  few  typical  foods,  a  number  of  feeding  experiments 
were  selected  in  which  the  mixtures  given  were  comparatively 
simple,  and  the  results  fairly  average ;  and  the  productive  effect 
of  the  particular  food  has  been  calculated,  by  eliminating  that 
of  the  associated  food,  or  foods,  as  determined  in  the  case  of 
other  experiments,  the  results  of  which  have  been  calculated  in 
the  same  way.  For  example,  the  quantity  of  clover  chaff 
required  to  produce  one  of  increase  in  various  experiments  was 
determined  as  follows : — 

CloTer  diaff  to 
1  iuareaae 

Oxen — ^with  Linseed  Cake,  Barley,  Swedes,  and  Clover  Ckaff  13'0 

Oxen—  „  „  „  „  .  14-3 

Sheep — with  Linseed  Cake,  Swedes,  and  Clover  Chaff    .        .  14*7 

Sheep— with  Barley,  Swedes,  and  Clover  Chaff      .        •        «  13*4 

Sheep—  „  w         >;  tf  •        •       «  15'5 

Mean    .     14^   - 
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In  a  similar  manner  the  productive  effects  of  linseed,  linseed 
cake,  barley,  beans,  and  swedes,  each  used  in  suitable  admix- 
ture with  other  foods,  have  been  estimated.  Thus  the  actual 
and  comparative  productive  effects  of  a  few  characteristic  foods 
have  been  approximately  determined ;  and  from  these  results 
the  capacity  of  allied  foods  has  been  e^imated,  taking  into  <K>n. 
sideration  the  relative  amounts  of  digestible  and  indigestible 
constituents  which  the  foods  to  be  compared  on  the  average 
contain.  It  is  in  this  way  that  the  figures  in  the  first  and 
second  columns  of  Table  IX.  have  been  arrived  at.  It  should  be 
stated,  however,  that  in  the  case  of  the  straws  no  direct  experi- 
mental data  were  at  command,  and  their  productive  effects  are 
estimated  mainly  on  their  recorded  amounts  of  digestible  con- 
stituents compared  with  those  in  hay,  and  they  are  more 
probably  given  too  high  than  too  low. 

It  is  obvious  that  sach  estimates  can  be  only  approximately 
correct ;  but  they  are  at  any  rate  the  best  that  existing  know- 
ledge renders  it  possible  to  make.  It  is  pretty  certain  that  the 
amounts  of  increase  assumed  to  be  produced  are  higher  than 
those  usually  obtained.  The  amount  estimated  to  be  yielded  by 
linseed  cake,  for  example,  is  certainly  higher  than  would  be 
obtained  when,  as  is  sometimes  the  case,  it  is  given  in  such 
excessive  amount  that  much  is  voided  by  the  animals  undigested. 
On  the  other  hand,  the  amounts  of  the  different  foods  estimated 
to  be  required  to  give  1  part  of  increase  are  doubtless  higher 
than  would  be  so  required,  if  as  large  a  proportion  of  the  con- 
stituents  were  digested  and  utilised  as  has  been  shown  to  be 
digestible  in  the  German  experiments  on  that  subject.  In 
those  experiments  the  animals  were  for  the  most  part  kept  on 
mere  sustenance  food,  so  that  they  would  digest  the  maximum 
proportion  of  the  constituents  they  received.  In  the  ca^  of 
fattening,  however,  especially  with  early  maturity,  the  condi- 
tions are  very  different.  The  animal  receives  a  greater  or  less 
excess  of  food,  and  not  only  voids  proportionally  more  un- 
digested, but  may  transform  more  than  is  fully  utilised.  It  is, 
nevertheless,  economy  to  give  an  excess  within  certain  limits. 
The  apparent  waste  is,  in  fact,  more  than  counterbalanced. 
Thus,  in  the  first  place,  the  manure  value  of  the  not  utilised 
food  still  remains  intact ;  but  the  real  source  of  the  economy  is 
in  the  shortenrog  of  the  time  of  feeding,  and  so,  at  the  cost  of 
some  excess  of  food,  saving  the  amount  that  would  be  expended 
in  the  mere  sustenance  of  the  animal  in  feeding  for  a  longer 
period. 

Trusting  that,  with  these  explanations,  the  figures  will  not 
be  misunderstood,  we  may  proceed  to  the  consideration  of  the 
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1 

maunre    , 
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lb. 

percent. 
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lb. 

percent. 
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£     JL      d. 

1 

Linseed    . 

60 

448-0 

3-60 

80-64 

6-69 

706 

74-95 

910  ,  1    10    41 

2 

Linseed  cake    . 

60 

3733 

4-76 

106-40 

4-74 

4-46 

101-66 

123-4     2     12 

3 

r  Deoorticated 
\     cotton  cake 

I     6-5 
70 

344-6 

6-60 

147-84 

4-38 

2-96 

143-46 

174-2     2  18    1 

4 

Palm-nnt  cake . 

320K) 

2-60 

66-00 

4-06 

7-25 

51-94 

63-1      110 

6 

Undecoiticated 
\     cotton  cake 

}    8-0 

280-0 

3-76 

8400 

3-66 

4-24 

80-44 

97-7  ,  1  12    7 

6 

Cocoa-nnt  cake 

8-0 

280K) 

3-40 

7616 

3-66 

4-67 

72-60 

88-2     19    6 

7 

Rape  cake 
Peafl. 

(10) 

(224) 

4-90 

109-76 

2-84 

2-59 

106-92 

129-8  j  2     3    3 

8 

70 

320-0 

3-60 

80-64 

4-06 

6-03 

76-58 

93-0     1   11    0 

9 

Beans 

7-0 

3200 

4-00 

89-60 

4-06 

4-63 

86-64 

103*9  1  1   14    8 

10 

Lentils 

70 

3200 

4-20 

94-08 

4-06 

4-32 

90-02 

109-3  .  1  16    6 

11 

Tares  (seed) 
Indian  com 

70 

3200 

4-20 

94-08 

4-06 

4-32 

9002 

109-3     1   16    5 

12 

72 

3111 

1-70 

38-08 

8-96 

10-37 

34-13 

41-4     0  13  10 

13 

Wheat      . 

7-2 

3111 

1-80 

40-32 

3*96 

9-80 

36-37 

44-2     0  14    9 

14 

Malt. 

7-0 

320-0 

1-70 

38-08 

4-06 

10-66 

3402 

41-3     0  13    9 

16 

Barley 

7-2 

811-1 

1-66 

36*96 

3-96 

10-69 

3301 

40-1     0  13    4 

16 

Oats. 

7-6 

298-7 

2-00 

44-80 

3-79 

8-46 

41-01 

49-8 

0  16    7 

17 

Rice  meal . 

7-6 

298-7 

1-90 

42-66 

3-79 

8-91 

38-77 

471 

0  16    8 

18 

Locust  beans    . 
Malt  coombs 

9-0 

248-9 

1-20 

26-88 

316 

11-76 

23-72 

28-8 

0    9    7 

19 

80 

280-0 

3-90 

87-36 

3-66 

4-08 

83-80 

101-8 

1  13  11 

20 

Fine  pollard 

7-5 

298-7 

2-45 

64-88 

3-79 

6-91 

61-09 

62-0     I    0    8 

21 

Coarse  pollard  . 

8-0 

2800 

2-60 

56-00 

3-66 

6-35 

52-44 

63-7     1     13 

22 

Bran 
Clover  hay 

9-0 

248-9 

2-60 

66-00 

316 

6-64 

52-84 

64-2      115 

i 

23 

140 

160-0 

2-40 

63-76 

2-03 

3-78 

51-73 

62-8     1     0  11 

24 

Meadow  bay     . 
Pea  straw . 

16-0 

149-3 

1-60 

33-60 

1-90 

6-66 

31-70 

88-6 

0  12  10 

25 

16-0 

140-0 

100 

22-40 

1-78 

7-96 

20-62 

26-0 

0     8    4 

26 

Oat  straw . 

18-0 

124-4 

0-60 

11-20 

1-58 

1411 

9-62 

11-7 

0    3  11 

27 

Wheat  simfr    . 

21-0 

106-7 

0-45 

10-08 

1-36 

13-49 

8-72 

10-6 

0    3    6 

28 

Barley  straw    . 

23-0 

97-4 

0-40 

8-96 

1-24 

13-84 

7-72 

9-4 

0    3    2 

29 

Bean  straw 
Potatoes  . 

220 

101-8 

0-90 

20-16 

1-29 

6-39 

18-87 

22-9 

0    7    8 

80 

60-0 

37-8 

0-25 

5-60 

0-47 

8-39 

6-13 

6-2 

0    2    1 

31 

Carrots 

86-7 

26-1 

0-20 

4-48 

0-33 

7-87 

4-16 

6-0 

0    1    8 

32 

Parsnipe   . 

760 

29-9 

0-22 

4-93 

0-38 

7-71 

4-66 

5*6 

0    1  10 

33 

Mangel  wnrzels 

96-0 

23-3 

0-22 

4-93 

0-30 

6-09 

4-63 

6-6 

0    1  10 

34 

Swedish  turnips 

109-1 

20-6 

0-25 

6-60 

0-26 

4*64 

6*34 

6-6 

0    2    2 

86 

Yellow  turnips . 

133-3 

16-8 

020 

4-48 

0-21 

4-69 

4-27 

6-a 

0    19 

36 

Whit^  turnips  . 

160-0 

14-9 

018 

4-03 

0-19 

4-71 

3-84 

4-7 

0    17 
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0-80 

0-60 
0-85 
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0-76 
0-60 
(0-60) 


19H)4 
24-64 
16-80 
17-92 


200 
2-90 
3-60 
8-60 


0-67 
0-40 


13-44 
1904 
17-92 
16-80 
13-44 
(13-44) 


lb. 

3-85 

3-21 

2-96 

2-75 

2-41 

2-41 
1-93 


2-76 
2-76 
2-76 
2-76 


44-80 
64-96 
78-40 
80-64 


0-35 
0-24 
0-24 
018 
0-30 


12-77 
8-96 

7-84 
6-38 
6-88 
4-03 
6-72 


015 
0-09 
0-19 
0-07 
0-06 
(0-06) 
0-06 


3-36 
202 
4-26 
1-67 
1-34 
(1-34) 
1-12 


2-68 
2-68 
2-76 
2-68 
2-67 
2-67 
214 


2-41 
2-67 
2-41 
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1-38 
1-28 


1-20 
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28-96 
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16-29 
21-89 
1405 
1617 


10*76 
16-36 
16*17 
1412 
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(10-87) 


42*39 
62*39 
75*99 
78-60 


11*39 

7*68 


Value 
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11 
4 
7 


1 
2 
2 
2 
1 


15*31 

6-64 

19-89 

4-31 

17-10 

4-46 

20*84 

319 

13-10 

6-84 

9*62 

304 

10-89 

1-80 

6-10 

400 

12-74 

1-37 

13-43 

1-16 

(10*78) 

(1*20) 

11-61 

0*99 

Potash 


In  food 


Per 
cent 


«.  d. 
6  1 
6  11 


1 

0 
1 


4  10 
9    0 


2  9 

3  8 
2  4 
2  6 


9 
9 
6 
4 
10 


(1  10) 


7  1 

10  5 

12  8 

13  1 


11 
3 


1  1 

0  9 

0  9 

0  6 

1  0 


eroent 
1-37 
1-40 

200 

0-60 

200 

200 
1-60 


0-96 
1-30 
0-70 
0-80 


0*37 
0-53 
0-60 
0-56 
0-60 
(0-37) 


2-00 
1-46 
1*60 
1-46 


1-60 
1*60 


1*00 
1-00 
0*80 
1-00 
1-00 


0 

6 

0*66 

0 

4 

028 

0 

8 

0-36 

0 

8 

0*40 

0 

2 

0-22 

(0 

2) 

(0*22) 

0 

2 

0*30 
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lb. 
30-69 
31*36 

44-80 

11*20 

44*80 

44-80 
3360 


21-60 
2912 
15-68 
17-92 
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11-87 
11-20 
1232 
11*20 
(829) 


44-80 
32-70 
33*60 
82-48 


33-60 
86-84 


22-40 
22-40 
17*92 
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031 
0-25 
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0-35 
0-36 
0-36 


0-84 
0-34 
0-35 
0-34 
0-33 
0-33 
0*27 


0-31 
0-33 
0-31 
0-27 
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016 


0-16 
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0*12 
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Oil 
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0-03 
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0*02 


Per 

cent,  of 

total 

con- 
Bomed 


In  manure 


Total 
remain- 
ingfor 
manure 


percent 
1*60 
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0*69 

0-69 
0*74 


1*63 
1*20 
223 
1*96 


410 
2-86 
313 
2-76 
2-94 
(400) 


0-69 
101 
0-92 
0-83 


0-64 
0-45 


0-67 
068 
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0-49 
0-49 
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0-41 
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5 
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7 

4 

7 
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2 
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2  2 
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1 
1 
1 
1 

(1 


0 
6 
4 

6 

4 


6  7 

4  1 

4  2 

4  0 


4    2 
4    6 


2  9 

2  9 

2  3 

2  9 

2  9 


12-28 
6-24 
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8-93 
4-91 

(4-91) 
670 


1 

0 
I 
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0 
(0 
0  10 


6 
9 
0 
1 
7 
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1  19     2 

2  11  11 

3  14  9 
16  4 
2     5    3 

1  19  10 

2  16     5 


1  16     6 

2  1  11 
2  0  8 
2     11 


0)(0 


0  16  7 
0  18  11 
0  17  7 
0  17 
0  19 
18 


0  12 
0  7 
0  6 
0    6 


0 
0 
0 
0 
0 


7)(0 


0    2 


2 

9 
6) 


2     6  7 

1  16  2 

1  18  1 

1  18  6 


17     0 
0  18     7 


5 
6 
6 


0  11     5 


4    1 

2  9 

3  6 

3    2 

2  11 

2    6) 

7 
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rest  of  the  Table,  only  farther  remarking,  in  regard  to  the 
estimates  in  question,  that  the  amount  of  the  manure  con- 
stituents of  the  food  carried  off  by  fattening  increase  is  under  all 
circumstances  so  small  that,  for  the  purposes  of  our  calculations 
of  manure  value,  even  a  considerable  variation  from  the  average 
amounts  assumed  to  be  taken  up  by  the  animal  would  affect  the 
final  result  but  little. 

The  next  division  of  the  Table  (IX.,  pp.  28-29),  comprising 
seven  columns,  relates  to  the  amount,  and  to  the  distribution, 
of  the  nitrogen  of  the  foods.  There  are  given — ^the  amounts  of 
it  per  cent.,  and  per  ton,  as  in  Table  VIII.  (p.  24) ;  the  actual 
amount  estimated  to  be  contained  in  the  increase  in  live  weight 
of  the  animal  consuming  one  ton  of  the  food,  and  the  percentage 
of  the  total  nitrogen  consumed  which  is  soretainedin  the  increase ; 
the  amount  of  the  nitrogen  of  the  food  remaining  for  manure, 
the  amount  of  ammonia  to  which  it  corresponds,  and  its  money 
value,  now  reckoned  at  only  4d.  per  lb.  of  ammonia ;  instead  of 
8(2.,  as  in  1875,  and  6(2.,  as  in  1885. 

Throughout  the  calculations  we  have  assumed  only  fatten- 
ing increase  to  be  produced,  and  that  this  will  contain  8  per 
cent,  of  nitrogenous  substance,  corresponding  to  1*27  per  cent, 
of  nitrogen  in  the  increase.  It  will  be  seen  that,  according  to 
the  figures,  the  only  food  in  the  list  of  which  a  ton  is  estimated 
to  contribute  more  than  5  lb.  of  nitrogen  to  the  fattening 
increase  is  linseed,  and  that  in  the  case  of  none  of  the  cakes,  or 
of  the  leguminous  seeds,  will  1  ton  contribute  5  lb.  of  nitrogen 
to  the  increase,  whilst  the  amount  is  in  several  cases  under 
4  lb.  A  ton  of  the  cereal  grains,  or  of  their  products  (and 
locust  beans),  generally  contributes  under  4  lb. ;  a  ton  of  hay 
or  straw  less  than  half  as  much ;  and  a  ton  of  roots  very  much 
less  still. 

To  put  it  in  another  way :  of  the  total  nitrogen  consumed  in 
the  foods  rich  in  that  substance,  such  as  the  cakes  and  the 
leguminous  seeds,  there  is  generally  less  than  5  per  cent,  re- 
tained in  the  fattening  increase  in  live-weight.  The  cereal 
grains,  on  the  other  hand,  which  are  much  less  rich  in  nitrogen, 
contribute  a  much  larger  proportion  of  their  total  amount  to 
the  increase ;  indeed,  generally  about  10  per  cent,  of  it.  The 
gramineous  straws  contribute  a  higher  proportion  still,  whilst 
roots  (mangels  and  turnips)  lose  by  feeding  on  an  average  only 
about  5  or  6  per  cent,  of  their  nitrogen. 

It  is  thus  seen  that,  when  fattening  increase  only  is  pro- 
duced, the  proportion  of  the  nitrogen  of  the  food  which  is 
retained  by  the  animal,  and  so  lost  to  the  manure,  is  very  small 
in  the  case  of  the  richer  foods,  but  more  in  that  of  the  poorer 
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ones;  but  even  with  them  it  seldom  exceeds  10  per  cent., 
excepting  with  the  straws.  It  may  be  assumed,  however,  that 
when  the  foods  are  consumed  by  store  animals,  about  twice  as 
much  of  the  nitrogen  of  the  food  is  retained  by  the  animal,  and 
80  lost  to  the  manure.  And  when,  as  is  more  and  more  the 
case  with  early  maturity,  the  increase  comprises  a  larger  pro- 
portion of  growth  than  in  mere  fattening,  the  amount  of  the 
nitrogen  of  the  food  which  will  be  lost  to  the  manure  will  be 
between  that  given  in  the  Table  and  twice  as  much. 

The  third  division  of  the  Table  relates  to  the  phosphoric 
acid,  and  there  are  given  for  each  food,  as  in  the  case  of 
the  nitrogen,  the  amounts  of  it  per  cent,  and  per  ton  of  the 
foods;  the  amount  estimated  to  be  retained  in  the  increase; 
the  amount  remaining  for  manure,  and  the  money  value  of  this 
at  2d.  per  lb. ;  instead  of  2^(2.,  as  adopted  in  1875,  and  3d.  in 
1885. 

It  will  be  seen  that  there  is  only  about  two-thirds  as  much 
phosphoric  acid  as  of  nitrogen  retained  in  a  given  weight  of 
fattening  increase ;  but,  owing  to  the  very  generally  less,  and 
sometimes  much  less,  amount  of  it  in  the  foods,  a  greater  pro- 
portion of  that  consumed  is  retained  in  the  animal,  and  a  less 
proportion  remains  for  manure.  It  should  be  added  that,  in  the 
case  of  store  and  still  growing  animals,  the  amount  of  phos|Jbioric 
acid  retained  in  a  given  weight  of  increase  will  be  very  much 
greater  than  in  mere  fattening;  indeed,  in  mere  store  increase  it 
may,  as  in  the  case  of  the  nitrogen,  be  nearly  twice  as  great  as 
in  mere  fiittening. 

Of  potash,  the  Table  shows  that  a  given  weight  of  fattening 
increase  retains  only  about  one-eighth  as  much  as  it  does  of 
phosphoric  acid ;  and  the  percentage  of  the  whole  in  the  food 
which  is  lost  to  the  manure  is  generally  very  small.  In  its  case, 
as  in  that  of  the  nitrogen  and  phosphoric  acid,  the  amount 
retained  in  mere  store  increase  will  be  nearly  twice  as  much  as 
in  mere  fattening  increase,  but  the  total  quantity  retained  is 
still  very  smalL  The  potash  remaining  for  manure  is  now 
valued  at  l^d.  per  lb. ;  instead  of  2d.,  as  in  1875,  and  2^(2.,  as  in 
1885. 

The  last  column  of  Table  IX.  shows  the  total  manure  value 
of  a  ton  of  each  of  the  foods  after  consumption,  reckoning  the 
nitrogen,  the  phosphoric  acid,  and  the  potash  at  the  prices 
above  named,  which  are  those  at  which  they  can,  at  the  present 
time,  be  purchased  in  artificial  manures.  It  may  be  added  that 
the  reductions  in  the  prices  of  ammonia,  phosphoric  acid,  and 
potash,  now  adopted,  bring  all  the  estimates  of  total  or  original 
manure  value  almost  exactly  one-third  lower  than  those  given 
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in  1885.  Thus  the  total  mannre  value  of  a  ton  of  linseed  cake 
consumed,  which  in  1885  was  reckoned  at  SI.  18s.  6(2.,  is  now 
taken  at  21.  lis.  lid, ;  that  of  a  ton  of  maize  is  reduced  firom 
11.  5a.  Id.  to  16s.  7d. ;  and  that  of  other  foods  in  the  same  pro- 
portion. 

Unexhausted  Manure-value  of  Gattle  Foods. 

So  much  for  the  method,  and  the  results,  of  the  estimation 
of  the  toted  or  original  Tfumure  value  of  the  different  foods, 
deducting  merely  the  nitrogen,  the  phosphoric  acid,  and  the 
potash,  estimated  to  be  retained  by  the  animal  consuming 
them,  and  reckoning  the  remainder  at  the  prices  at  which  they 
can  be  purchased  in  artificial  manures.  We  have  now  to 
attempt  the  still  more  complicated  and  difficult  task  of  en- 
deavouring to  estimate  the  uneoi^usted  ma/n/wre  value  of  the 
different  foods,  or  what  may  be  called  their  com/pensalion  value, 
after  tiiey  have  been  used  for  a  series  of  years  by  the  outgoing 
tenant,  and  he  has  realised  a  certain  portion  of  the  manure  value 
in  his  increased  crops. 

As  already  said,  we  have  in  the  case  of  a  number  of  the  foods 
endeavoured  to  estimate  the  probable  amounts  of  increase  that 
the  tenant  would  obtain  in  his  barley  and  wheat  crops,  sup- 
posing that  the  food  were  used  at  the  rate  of  one  ton  per  acre 
in  eight  years,  or  one  ton  over  8  acres  each  year ;  and  then, 
after  making  allowance  for  loss,  we  have  estimated  the  value 
of  the  unexhausted  residue  at  a  declining  rate  from  the  last  to 
the  eighth  year  back.  These  results  gave  a  basis  for  considera- 
tion, and,  having  studied  them,  and  settled  what  seemed  to 
be  a  suitable  allowance,  we  have  fixed  upon  a  scale  of  re- 
duction, starting  from  the  total  or  original  manure^alue^  as 
estimated  in  Table  IX. 

The  rule  so  determined  upon  is,  to  deduct  one-half  of  the 
original  manure  value  of  the  food  used  the  last  year,  and 
one-third  of  the  remainder  each  year,  to  the  eighth,  in  the  case 
of  all  the  more  concentrated  foods,  and  the  roots,  in  fact  of  all 
the  foods  in  the  list  excepting  the  hays  and  the  straws ;  and  for 
these,  which  contain  larger  amounts  of  indigestible  matter, 
and  the  constituents  of  which  will  be  more  slowly  available  to 
crops,  two-thirds  of  the  original  manure  value  is  deducted  for 
the  last  year,  and  only  one-fifth  from  year  to  year  to  the  eighth 
year. 

The  results  of  the  estimates  of  eompensaiion  value  so  made 
are  given  in  Table  X.  (p.  38).  The  first  column  shows  the 
total  or  original  mamjure-value  of  each  food.  The  second  column 
shows  the  allowance  for  the  last  year,  and  the  succeeding  seven 


ABi^  X. — Plan  and  BesuUs  of  Fsiimaiions  of  the  Compensation  Value  of  Unexhausted 
Manure^  startingfrom  the  Original  Manure  Valuer  that  is  the  Value,  deducting  Ae 
eonstituenis  of  increase  in  Fattening  Live-  Weight  only. 


Original 

manure 

▼alue, 

deducting 

increase  in 

lire- weight 

only 

Compensation  value  of  unexhausted  manure 

Food* 

Last 
year 

Second 
year 

Third 
year 

Fourth 
year 

Fifth 
year 

Sixth 
year 

Serenth 
year 

Eighth 
year 

Total 

Deduct  ^  of  Original  Manubb  Value  the  Last  Ybab,  and  ^  fbom  Year  to  Year 


One  Ton 


B.  Linseed  cake. 

I  r  I>eoorticated 

1   cotton  cake  . 
I.  Falm-natcake 

I I  Undecortioated 
(     cotton  cake 

K.  Goeoa-nnt  cake 
r.  Bape  cake 

I.  Fdas 
Bl  Beana    . 

0.  Lentila  . 

L  Tares  (seed)  . 

L  Indian  com   . 
L  Wheat   . 
IKalt 
Bu  Barley    . 
B.  Oats 

1.  Rice  meal 

I.  Locust  beans. 

B.  Malt  coombs . 
B.  Fine  pollazd  . 
L  Coaxae  pollard 
t  Bian      . 


£    $.     d. 

1  19    2 

2  11  11 

}314    9 

1     6    4 

}2    5    3 

1  19  10 

2  16    6 


1  16    6 

2  1  11 
2  0  8 
2     11 


0  16    7 

0  18  11 
0  17  7 
0  17 
0  19 
(0  18 


2 
9 

6) 


£  s,  d. 

0  19  7 

1  6  0 

I  17  4 

0  13  2 

1  2  7 

0  19  11 

1  8  3 


0  18    3 

1  0  11 
1  0  4 
1    0    7 


0    8    4 


£    t.  d. 

0  13  1 

0  17  4 

1  4  11 

0    8  9 

0  15  1 

0  13  3 

0  18  10 


0  12  2 
0  13  11 
0  13  7 
0  13    9 


t,     d, 
8    9 

11  7 

16    7 

6  10 

10    1 

8  10 

12  7 


8  1 

9  3 
9  1 
9  2 


«.     d, 

6  10 

7  9 

11     1 

8  11 

6     9 

6  11 
8    5 


s.  d, 

3  11 
5  2 

7  5 

2  7 

4  6 

3  11 

5  7 


5  6 

6  2 
6  1 
6  1 


0    6    7 


0    9    6  ;0    6    4 
0    8  10   0    5  11 


0    8     7 


0 


0    9  11   0 


5  9 

6  7 


(0    9    3)(0    6    2) 


2    6  7 

1  15  2 

1  18  1 

1  18  6 


13  3 

0  17  7 

0  19  1 

lO  19  3 


0  15  6 
0  11  9 
0  12  9 
0  12  10 


3  9 

4  3 
8  11 

3  10 

4  6 

(*     1) 


10    4 

7  10 

8  6 
8    7 


2  6 
2  10 
2  7 
2  7 
2  11 
(2     9) 


6  11 
6    3 

5  8 

6  9 


3  7 

4  1 
4  1 
4  1 


«. 

d. 

». 

d. 

2 

7 

1 

9 

3 

6 

2 

3 

4 

11 

3 

8 

1 

9 

1 

2 

3 

0 

2 

0 

2  7 

3  9 


1  8 
1  11 
1  9 
1  9 
1  11 
(1  10) 


2  5 

2  9 

2  9 

2  9 


4  7 
3  6 
3  9 
3  10 


1  1 

1  8 

1  2 

1  2 

1  3 

(1  3) 


1  9 

2  6 


1  7 
1  10 
1  10 
1  10 


0  9 
0  10 
0  9 
0  9 
0  10 


«.  d. 

1  2 

1  6 

2  2 

0  9 

1  4 

1  2 

1  8 


1 
1 
1 
1 


1 
3 
3 
3 


£    $,  d. 

2  16  8 

3  16  0 

6    7  8 

1  17  11 

3  6  4 

2  17  3 

4  1  7 


. 


2  12  7 

3  0  2 
2  19  0 
2  19  6 


0  6 

0  7 

0  6 

0  6 

0  7 


(0  10)  (0    7) 


3  1 

2  4 

2  6 

2  7 


2  1 

1  7 

1  8 

1  9 


1  6 

1  1 

1  1 

1  2 


1 
1 
1 
1 
1 


4  2 

7  6 

5  6 
4  11 

8  6 


(1    6    9) 


3  7  2 
2  10  11 
2  15  0 
2  15    9 


Deduct  |  of  Original  Manure  Value  the  Last  Year,  and  |  from  Year  to  Year 


One  Ton 
I.  Okrrer  hay     . 
I.  Meadow  hay  . 

K.  Pea  straw 
8.  Oatstmw 

7.  Wheat  straw . 

8.  Barl^ straw. 

9.  Besn  straw    . 


17    0 
0  18    7 


0  12  2 

0    7  6 

0    6  6 

0    6  5 

0  11  5 


3    9    0  10    7    2 
0    6    2   0    4  11 


0 
0 
0 
0 
0 


4  1 
2  6 
2    2 

2  2 

3  10 


0  3 

0  2 

0  1 

0  1 

0  3 


3 
0 
9 
9 
1 


5    9 
3  11 


4    7 
3     2 


2  7 

1  7 

1  6 

1  6 

2  6 


2  1 

1  3 

1  2 

1  2 

2  0 


3    8 
2     6 


1     8 

1    0 
0  11 

0  11 

1  7 


2  11 
2    0 


1  4 
0  10 
0    9 

0  9 

1  3 


2    4 
1     7 


1  1 

0  8 

0  7 

0  7 

1  0 


1  10 
1     3 


0  10 
0  6 
0  6 
0  6 
0  10 


1  17    3 
15    6 


0  16  11 
0  10  4 
0  9  8 
0  9  3 
0  16     1 


Deduct  |  of  Original  Manure  Value  the  Last  Year,  and  ^  from  Year  to  Year 


Ten  Tons 
O.Po(atoes 
1.  Oinots  . 
IFtosnips 
8.  Mangel  wniaels 
|L  Swedish  tnznips 
1.  YeQow  turnips 
I.  Whita  tnmipa 


2  0  10 
17  6 
1  15  0 
1  11  8 
19    2 


I  0  5 
0  13  9 
0  17  6 
0  15  10 
0  14    7 


(1     6    0)(0  12    6)^ 
1    5  10  0  12  11  p 


0  13  7 

0    9  2 

0  11  8 

0  10  7 

0    9  9 

(0   8  4) 

8  7 


9  1 

6  1 

7  9 
7  1 
6  6 

(6  7) 

6  9 


6  1 

4  1 

6  2 

4  9 

4  4 


4     1 

2  9 

3  5 
8  2 
2  11 


(8    d)(2    6) 
8  10     2    7 


2  9 

1  10 

2  3 
2  1 
1  11 

(1    8) 

1  9 


1  10 

1  3 

1  6 

1  5 

1  3 

(1  1) 

1  2 


1    3 

0  10 

1  0 
0  11 
0  10 


2  19    1 

1  19    9 

2  10  3 
2  5  10 
2    2    1 


(0     9X116    2) 


0    9 


1  17    4 
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coInnmB  that  for  each  sneceeding  year  to  the  eighth.  The  last 
column  gives  the  total  compensation  value  for  the  eight  years' 
consumption. 

It  may  seem  at  first  sight  that  a  deduction  of  50  per  cent, 
firom  the  original  manure  value  of  the  food  used  in  the  last  year 
is  large ;  but  we  have  hot  only  to  make  allowance  for  all  losses 
to  which  the  manure  may  be  subject,  which  may  be  considerable, 
especially  if  much  of  the  food  is  consumed  in  the  yards ;  but  it 
is  also  to  be  borne  in  mind  that  the  money  paid  for  compensa- 
tion wUl  not  yield  its  full  return  for  a  long  time.  Only  half 
the  original  manure  value  would,  therefore,  be  allowed  if  the  food 
were  only  used  one  year ;  and  all  scales  of  allowance  arranged 
by  Farmers'  Clubs  assume  the  consumption  for  more  than  one 
year.  If,  however,  the  food  is  used  for  eight  years,  or  more,  it 
will  be  seen  that  the  total  allowance  considerably  exceeds  the 
original  manure  value  of  one  year's  consumption ;  the  allow- 
ance made  for  the  accumulation  bringing  it  up  to  from  one  and 
a  third  to  one  and  a  half  as  much  as  the  original  manure 
value. 

In  order  to  test  the  applicability  of  the  scale  of  compensatioii 
proposed,  let  us  take  a  very  simple  and  ordinary  case,  and  see 
what  would  be  the  allowance  allotted  to  the  outgoing  tenant 
according  to  the  estimate  given  in  the  Table.  Let  us  suppose 
the  case  of  a  Norfolk  or  Lincolnshire  farm  under  the  ordinary 
fouivcourse  rotation,  with  meat  and  grain  only  sold,  the  roots 
fed  partly  on  the  land  and  partly  in  the  yards.  Assume,  fur- 
ther, that  the  land  is  thoroughly  clean,  and  that  the  farm  is  in 
every  respect  in  good  order  when  given  up.  It  is  pretty  cer- 
tain, indeed,  that  every  claim  for  compensation  will  have  to  be 
settled  on  its  own  merits ;  that  the  character  of  the  soil,  the 
cropping,  the  state  of  the  land  as  to  cleanliness,  and  many  other 
points  will  be  taken  into  consideration,  both  for  and  against 
any  claim. 

As  already  intimated,  the  essential  basis  of  the  system  of  esti- 
mate and  valuation  of  the  unexhausted  residue  adopted  is  the 
assumption  of  gradual  accxunulation  within  the  soil,  and  of  slow 
recovery  from  it.  Suppose  then  that  linseed  cake  had  been 
used  annually  for  eight  years,  at  the  average  rate  of  one  ton 
over  eight  acres  each  year,  or  of  one  ton  per  acre  in  eight  years. 
Each  acre  would  thus  on  the  average  receive,  either  in  fiunn- 
yard  manure  or  directly  by  the  feeding  with  roots  or  clover  on 
the  land,  the  manure  from  the  consumption  of  one  ton  of  lin- 
seed cake  in  eight  years,  or  at  the  average  rate  of  one-eighth  of 
a  ton,  or  2^  cwt.,  per  acre,  per  annum. 

The  first  column  of  Table  X.  (p.  88)  shows  that  the  total  or 
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ariginai  manure  value  of  one  ton  of  linseed  cake  consumed — that 
is,  the  value  deducting  only  the  constituents  stored  up  in  the 
animal — is  estimated  to  be  21.  lis,  lid.  The  subsequent  columns 
of  the  same  Table  show  the  estimated  compensation  vaJue  of  the 
unexhavsied  residue  from  one  ton  consumed  (that  is,  after  the 
tenant  has  realised  the  benefit  of  the  increase  of  his  crops)  to  be, 
if  used  each  year  for  eight  years,  as  given  in  the  first  column  of 
the  following  Table,  the  second  column  showing  the  amount 
per  acre  per  annum  : — 


Oompentttion  allowanoM  for  one  ton  of 
linseed  c«ke  oonsnmed 

Per  annnm, 
eight  jean 

PWMT«,in 
eight  yean 

Lastjear 

2nd      „ 

3rd       „ 

4th       „ 

6th       „ 

6th       „        .        .        . 

7th 

8th 

£    K    d, 

16    0 
0  17    4 
0  11     7 
0    7    9 
0    5    2 
0    3    6 
0    2    8 
0    16 

£    •.    d. 
0     3     3 
0    2    2 
0    15 
0    10 
0    0    8 
0    0    5 
0    0    3 
0    0    2 

Total    . 

3  16    0 

0    9    4 

Thus,  according  to  the  first  column  of  the  Table,  the  value 
of  the  unexhausted  manure  residue  from  the  consumption  of  one 
ton  of  linseed  cake  annually  for  eight  years  would  be  82.  lbs.  Od., 
or  nearly  45  per  cent,  more  than  the  original  manure  value  of 
one  year's  consumption.  Or,  as  the  second  column  shows,  the 
allowance  would  be  at  the  rate  of  9s.  4(2.  per  acre  over  the  whole 
farm. 

Whether  such  an  allowance  would  be  too  much  or  too  little 
under  the  circumstances  supposed  is  a  question  for  considera- 
tion. The  conditions  supposed  are :  a  light-land  fiirm,  upon 
which  the  manure  from  purchased  food  is  an  essential  element 
of  profitable  cultivation ;  that  meat  and  grain  alone  are  sold ; 
and  that  the  farm  is  given  up  in  a  satisfactory  state  in  every 
respect.  Also  that,  on  the  average,  each  acre  received  during 
the  last  eight  years,  the  manure  derived  from  the  consumption 
of  one  ton  of  linseed  cake.  The  question  between  the  two 
parties  concerned  is,  whether  the  outgoing  tenant  would  receive 
sufficient  remuneration  for  his  unexhausted  manure;  and,  on 
the  other  hand,  whether  the  landowner,  or  the  incoming  tenant, 
would  pay  more  than  will  be  recovered  in  increase  of  crops  ? 
An  allowance  of  9^.  4(2.  per  acre  on  a  farm  of  400  acres  would 
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amount  to  186L  ISs.  4d,  which  is  a  large  sum  to  pay; 
and  it  is  certain  that  the  recovery  of  the  amount  will  only  be 
gradual.  It  is  well  known  that  both  time  and  money  are 
required  to  get  land  into  condition,  and  here  is  land  already  in 
condition. 

Let  us  consider  the  effect  of  such  a  valuation  of  unexhausted 
manure  from  two  opposite  points  of  view.  The  outgoing  tenant 
may  consider  that  he  is  entitled  to  a  larger  sum,  and  he  prefers 
to  claim  compensation  under  the  Act.  The  outgoing  tenant  of 
the  future  will,  however,  have  another  alternative.  He  can  re- 
duce the  stock  of  fertility  by  the  consumption  of  foods  which 
have  high  feeding,  but  low  manure,  value,  and  which  are  lower 
in  price  than  the  foods  which  possess  both  high  feeding,  and 
high  manure,  value.  The  incoming  tenant  knows  what  he  has 
to  pay  for,  and  has  only  himself  to  blame  if  he  pays  too  much. 
But  behind  the  incoming  tenant  is  the  landowner,  who  must 
himself  pay  the  claim  of  the  outgoing  tenant  if  he  can  find  no 
one  else  to  do  so.  It  is,  therefore,  a  matter  of  importance  to 
the  landlord  that  the  compensation  should  be  fixed  on  a  basis 
sufficiently  reasonable  to  render  it  not  worth  his  while  to  carry 
the  case  to  arbitration,  or  into  a  court  of  law. 

As  before  referred  to,  we  have,  in  the  construction  of  the 
Table  (X.,  p.  33),  in  all  cases  adopted  one  uniform  rate  of  de- 
duction from  year  to  year,  excepting  in  those  of  the  hays  and 
the  straws,  as  already  explained,  and  as  shown  in  the  Table. 
We  do  not,  however,  at  all  assume  that  there  is  no  difference  in 
the  activity  of  the  manure  from  the  diBbrent  foods  thus  classed 
together,  or  that  their  unexhausted  residue  will  be  available  at 
exactly  the  same  rate.  Then,  again,  it  is  obvious  that  to  assume 
the  consumption,  and  the  manure  value,  to  be  the  same  on  each 
acre,  and  in  each  year,  is  not  strictly  in  accordance  with  the 
facts.  But  to  have  attempted  to  fix  a  different  scale  for  each 
food,  and  for  each  year,  according  to  the  varying  circumstances, 
would  have  been  to  assume  a  knowledge  which  we  do  not 
possess;  and  we  submit  the  Table  for  the  consideration  of 
those  interested,  as  the  best  approximation  to  the  truth  that 
we  are  at  present  able  to  provide. 

Although  it  is  to  be  borne  in  mind  that  the  whole  of  the 
estimates  are  founded  on  the  assumption  that  fattening  increase 
only  is  produced,  yet  we  have  indicated  the  direction,  and  indeed 
to  a  considerable  extent  the  degree,  in  which  the  figures  should 
be  modified  when  store  animals  are  reared  or  fed.  It  should  be 
added  that,  in  the  case  of  the  foods  being  used  for  the  pro- 
duction of  milk,  an  entirely  different  scale  of  original  and  un« 
exhausted  manure  value  would  have  to  be  arranged,  as  milk 
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removes  so  very  mnch  moie  of  the  mannre  oonstifcaents  of  the 
food  than  inciease  in  live-weight  of  any  kind. 

Farther,  it  will  be  understood  that  our  tables  do  not  claim 
to  be  applicable  to  cases  of  the  liberal  nse  of  town  mannres, 
perhaps  for  the  growth  of  potatoes  or  other  market  garden  crops 
for  scde.  Such  cases  require  special  consideration,  and  come 
under  the  description  of  garden  rather  than  of  farm  cultivation. 

In  conclusion,  although  we  have  revised  the  estimates  of  the 
manure  Tahies  of  food  stuffs,  in  accordance  with  the  prices  of 
ammonia,  phosphoric  add,  and  potash,  at  the  present  time,  the 
results  will  doubtless  require  further  revision  from  time  to  time, 
as  the  value  of  manure  constituents  in  the  market  changes, 
and  perhaps  also  in  other  ways,  as  knowledge  advances  and 
experience  is  gained.  But,  in  view  of  the  problems  and  the 
discussions  to  which  the  issue  of  the  Final  Report  of  the  Royal 
Commission  on  Agricultural  Depression  must  necessarily  give 
rise,  it  seemed  opportune  to  bring  the  subject  up  to  date  on  the 
present  occasion.  It  is  to  be  understood,  however,  that  in  the 
use  of  the  Tables,  the  special  circumstances  of  each  case  must 
be  taken  into  account,  and  the  actual  figures  adopted,  or 
modification  made,  accordingly.  At  any  rate,  as  we  have  given 
the  data  on  which  our  estimates  are  founded,  and  explained  the 
method  by  which  they  have  been  obtained,  those  interested  in 
this  most  di£5cnlt  subject  have  the  means  of  forming  their  own 
conclusions  on  the  results  arrived  at. 

General  Observations  and  Conclusions. 

It  is  now  proposed  that  compensation  should  be  given,  when 
produce  grown  on  the  farm,  which  at  present  the  tenant  is 
expected  to  sell,  is  consumed  at  home,  by  cattle,  sheep,  or  pigs, 
or  by  horses  other  than  those  used  on  the  farm.  The  justice  of 
the  proposal  is  based  on  the  fact  that  the  tenant  could  claim 
compensation  if  he  used  purchased  food  instead,  and  that  it 
seems  unreasonable  that  he  should  be  obliged  to  send  his  home- 
grown produce  to  market  and  bring  back  imported  cattle  food, 
to  establish  his  claim  for  compensation,  when  it  would  be  more 
profitable  to  him,  and  the  land  might  be  equally  benefited,  if  he 
consumed  his  own  produce.  There  may,  however,  be  consider- 
able difficulty  in  carrying  out  such  an  arrangement.  For 
example,  under  existing  conditions  farmers  do  consume  more 
or  less  of  their  home-grown  produce.  The  offal  wheat  and 
barley  are  at  any  rate  so  used.  Then,  if  the  barley  is  injured 
by  the  weather,  and  rendered  unfit  for  malting,  as  was  the  case 
to  so  great  an  extent  in  some  counties  in  1896,  a  considerable 
quantity  may  be  more  profitably  consumed  than  sold ;  and  the 
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qnestion  ariads  whetiher  the  tenant  shoiild  be  oompenBated  for 
oonsnming  his  home-grown  prodace  under  sndi  circomstanoeB  ? 

In  the  case  of  those  light  soils  for  which  imported  fertiliiy 
is  an  essential  of  their  profitable  cultivationy  the  consumption  of 
home-^rown  prodace  may  sometimes  be  adyantageous,  and  it 
would  certainly  help  to  keep  down  the  bill  for  cake  and  other 
imported  foods.  But  there  is  a  large  area  of  soils  in  the 
comitry  which  themselves  contain  vast  stores  of  inherent 
fertility^  for  the  utilisation  of  which,  however,  tillage  operations 
are  of  as  much  importance  as  manures ;  and  the  question  arises 
whether  in  the  case  of  such  soUs,  fisurmed  under  the  ordinary 
rotation  and  covenants  of  the  district,  they  are  not  of  them- 
selves competent  to  yield  good  crops  without  detriment  to  the 
permanent  fertility  of  the  land.  It  has  been  shown  that  in  the 
case  of  the  land  in  our  own  district,  the  removal  of  a  certain 
portion  of  the  soil  constituents  has  been  carried  on  over  a  long 
period  of  time  without  such  injury;  and  it  is  a  question 
whether,  if  a  moderate  proportion  of  the  produce  now  sold  were 
consumed  on  the  farm,  tiie  land  would  be  materially  benefited ; 
though,  if  the  claim  proposed  were  made  legal,  the  owner  or 
the  incoming  tenant  might  be  subject  to  payment  for  com- 
pensation. At  any  rate  it  is  certain  that  there  would  be 
difficulty  in  carrying  out  such  an  arrangement,  and  that  much 
discrimination  mil  be  required  on  the  part  of  the  valuer. 

It  L9  true  that  the  heavier  soils  yield  much  larger  crops 
than  they  otherwise  would,  when  aided  by  imported  fertility, 
derived  from  the  use  of  purchased  cattie  foods  or  direct 
manures;  but  the  illustrations  which  have  been  given  show 
that  such  soils  retain  the  unexhausted  residue  of  manure  very 
tenaciously ;  and  they  do  so  much  more  than  lighter  soils,  and 
so  yield  up  the  constituents  to  future  crops  much  more  slowly. 
Claims  for  compensation  for  unexhausted  manures  would,  there- 
fore, be  more  difficult  to  establish  in  the  case  of  the  heavier  than 
of  the  lighter  soils. 

It  may  here  be  observed  that  we  have  made  some  attempts 
to  calculate  to  what  extent  the  crops  of  the  country  at  large 
are  increased  by  imported  fertility  in  the  form  of  cattle  foods 
and  manures.  But  so  much  of  some  of  the  larger  articles  of 
consumption,  such  as  Indian  com,  peas,  beans,  &c.,  are  used  in 
towns,  that  it  was  found  impossible  to  determine  how  much  of 
the  quantities  of  them  imported  were  probably  consumed  in 
agriculture.  With  regard  to  cakes,  it  may  be  said  that  if  the 
whole  of  the  imports  were  considered  to  be  employed  evenly 
over  the  arable  and  grass  land  of  Great  Britain,  the  consumption 
per  acre  would  be  very  small  indeed. 
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From  the  illnstratioiiB  given,  and  discussions  upon  them,  it 
will  be  seen  that  in  the  application  of  our  tables  of  compensa- 
tion value  we  consider  that  the  distinction  between  light  and 
heavy  soils  must  be  clearly  borne  in  mind,  the  claim  being 
much  the  greater,  and  much  the  more  easily  estimated,  in  the 
case  of  the  lighter  than  of  the  heavier  soils.  In .  the  one  case 
imported  fertility  is  essential  to  profitable  cultivation,  and  the 
unexhausted  manures  are  more  rapidly  available;  whereas  in 
the  other,  tillage  operations  are  of  the  greater  importance,  and 
imported  fertility  of  much  less,  whilst  the  unexhausted  residue 
of  such  fertility  is  much  more  slowly  available.  An  illustration 
of  this  was  afforded  in  the  case  of  the  experiments  at  Kotham- 
sted  on  the  growth  of  barley  by  means  of  rape  cake  for  forty 
years  in  succession  (see  pp.  11-18). 

In  conclusion,  it  is  obvious  that  if  the  occupier  is  to  be 
compensated  for  the  consumption  on  the  holding  of  home-grown 
produce,  which  he  is  now  permitted  to  sell,  and  if  he  is  also  to 
be  free  to  grow  and  sell  what  he  pleases,  and  yet  must  maintain 
the  fertility  of  the  soil,  the  difficulties  of  the  valuer  will  be  very 
greatly  increased ;  and  the  referee  who  is  to  decide  upon  con- 
flicting claims  must  be  a  man  of  extraordinary  sagacity  if  he 
can  settle  the  disputes  that  will  arise  to  the  satis&ction  of  both 
parties.  It  is  to  be  hoped,  however,  that  under  the  provisions 
of  any  future  Agricultural  Holdings  Act  the  settlement  of 
disputes  will  be  speedy,  cheap,  and  effectual,  and  that  the  suc- 
cessful party  will  not  find  himself  a  loser  in  the  transaction. 

The  more  directly  practical  conclusions  may  be  briefly  sum- 
marised as  follows : — 

1.  When  manures  containing  organic  matter,  such  as  those 
produced  by  the  consumption  of  hay,  straw,  cakes,  com,  &c., 
have  been  applied  to  the  soil  and  grown  a  crop,  the  unexhausted 
residue  of  their  fertilising  constituents  is  yielded  up  to  future 
crops  only  gradually,  but  much  more  rapidly  on  light  than 
on  heavy  soils.  Much  the  same  may  be  said  when  organic 
matters^  such  as  rape  cake,  are  directly  used  as  manures. 

2.  The  value  of  the  manure  produced  by  the  consumption  of 
different  cattle  foods  varies  very  greatly,  and  depends  upon 
their  composition.  This  is  fully  illustrated  in  the  foregoing 
pages,  and  especially  in  Tables  IX.  and  X.  (pp.  28-29,  and  83). 

8.  When  nitrate  of  soda  is  used  as  manure,  its  nitrogen  does 
not  enter  into  fixed  combinatious  within  the  soil,  but  nitrate  is 
dissolved  in  the  soil-water,  and  unless  taken  up  by  vegetation, 
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mnch  paasee  into  the  drains,  or  into  the  snbsoil  beyond  the  reach 
of  the  roots  of  the  crops.  When  salts  of  ammonia  are  used, 
part  of  the  ammonia  is  temporarily  taken  up  by  the  soil,  bat  it 
is,  more  or  less  rapidly  (according  to  the  character  of  the  schI 
and  of  the  season),  converted  into  nitrate,  and  is  then  snbject 
to  loss  by  drainage  as  when  nitrate  of  soda  is  nsed.  The  loss 
by  drainage  will,  as  a  rale,  be  the  most  when  these  manmres  are 
ajplied  ufgnun  crops,  but  materiaUy  lees  whea  applied  to  root- 
crops  or  to  permanent  grass,  as  these  crops  have  a  more  extended 
period  of  growth,  tending  to  keep  the  soil-water  nearer  the  aar- 
face,  and  to  greater  utilisation  of  the  nitrogen. 

4.  When  these  artificial  nitrogenoas  manares  are  osed  for 
grain  crops,  they  leave  some  nitrogenoas  crop-residae  (stabble 
and  roots)  ;  the  more  the  greater  the  amount  of  increased  pro- 
duce due  to  the  manure.  When  used  for  root-crops,  there  will, 
as  a  rule,  be  much  more  of  the  supplied  nitrogen  recovered  in 
the  crop  than  in  the  total  produce  (grain  and  straw)  of  a  grain 
crop.  When  applied  to  permanent  grass,  there  will  also  be 
much  more  of  the  supplied  nitrogen  recovered  in  the  increase  of 
crop  than  when  applied  to  a  grain  crop ;  and  there  will  at  the 
same  time  be  more  crop-residue  in  the  case  of  permanent  grass 
than  in  that  of  a  grain  crop. 

5.  When  superphosphate,  basic  slag,  kainit,  or  salts  of 
potash,  are  applied  as  manure,  a  portion  of  the  phosphoric  acid 
and  potash  is  readily  taken  up  by  vegetation ;  but  a  large 
quantity  soon  enters  into  fixed  combinations  within  the  soil, 
especially  in  the  case  of  the  heavier  soils,  and  this  is  very 
slowly  available  to  future  crops.  Hence  the  compensation 
value  of  the  unexhausted  residue  of  these  manures  is  very  small. 

6.  To  draw  a  distinction  between  the  landowner's  and  the 
tenant's  fertility,  and  to  assign  a  commercial  value  to  the  latter, 
must  always  be  a  difficult  matter ;  and  especially  must  it  be  so, 
as  some  soils  contain  vast  stores  of  natunil  fertility,  and  others 
very  little.  It  is  to  be  hoped  that  the  evidence  which  has  been 
brought  forward,  and  the  comments  upon  it,  may  be  of  some 
service  to  those  who  are  called  upon  to  act  as  valuers  in  cases 
where  questions  of  compensation  for  unexhausted  manures  be- 
come subjects  of  dispute. 

John  Bemnet  Lawes. 
J.  Henry  Gilbert. 

Bothamsted. 
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THE  VALUATION  OF  THE  MANURES 
OBTAINED  BY  THE  CONSUMPTION 
OF  FOODS  FOR  THE  PRODUCTION 
OF   MILK. 

After  the  publication  in  1885  of  oaf  paper  in  this  Journal  on 
"  The  Valuation  of  Vnexliaiisted  Manures,''  in  which  we  limited 
our  illustrations  to  cases  of  the  manures  obtained  by  the  con- 
sumption of  foods  for  the  production  of  fattening  increase,  we 
were  asked  if  we  could  not  supply  a  scale  applicable  to  the  con- 
sumption of  foods  for  the  production  of  milk.  Again,  since 
the  publication  of  our  revised  valuations  in  the  last  issue  of  the 
Journal,^  we  have  been  asked  the  same  question.  In  answer,  we 
in  each  case  pointed  out  how  such  an  estimate  could  approxi- 
mately be  arrived  at.  There  are,  however,  considerable  diflScul- 
ties  in  extending  the  valuations  to  meet  the  requirement  in  the 
case  of  milk-production,  as  will  be  fully  appreciated  as  we 
proceed.  ,  After  careful  consideration  of  the  subject  we  have, 
however,  arranged  tables  of  valuation  of  the  manure  obtained 
when  food  is  consumed  for  the  production  of  milk,  substantially 
on  the  plan  of  those  previously  given  in  the  case  of  the  production 
of  fattening  increase. 

In  illustration  of  the  complexity  and  difficulty  of  the  subject, 
it  will  be  of  interest  to  recall  attention  here  to  illustrations  we 
have  previously  given,  of  the  great  difference  in  the  demands 
made  upon  the  food,  on  the  one  hand  for  the  production  of 
animal  increase,  and  on  the  other  for  the  production  of  milk. 
As  is  well  known,  not  only  do  cows  of  different  breeds  yield 
widely  different  quantities  of  milk,  and  in  some  cases  milk  of 
characteristically  different  composition,  but  individual  animals 
of  the  same  breed  have  very  different  milk-yielding  capacity  ; 
and  whatever  the  average  capacity  of  a  cow  may  be,  she  has  a 
maximum  yield  at  one  period  of  her  lactation,  which  is  followed 
by  a  gradual  decline.  Hence,  in  comparing  the  amounts  of 
constituents  stored  up  in  the  fattening  increase  of  an  ox  with  the 
amounts  of  the  same  constituents  removed  in  the  milk  of  a  cow, 
we  must  assume  a  wide  range  of  difference  in  the  yield  of  milk. 
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Table  I.  shows  the  amoants — of  nitrogenous  sabstaace, 
of  fat,  of  non-nitrogenous  substance  not  fat,  of  total  mineral 
matter,  of  phosphoric  acid,  of  potash,  and  of  total  solid 
matter,  carried  off  in  the  weekly  yield  of  milk  of  a  cow,  on 
the  alternative  assumptions  of  a  produce  of  4,  6,  8,  10,  12,  14, 
16,  18,  or  20  quarts,  per  head  per  day ;  and,  for  comparison, 
there  are  given  at  the  bottom  of  the  Table  the  amounts — of 
nitrogenous  substance,  of  fat,  of  total  mineral  matter,  of  phos- 
phoric acid,  of  potash,  and  of  total  solid  matter,  in  the  weekly 
increase  in  live-weight  of  a  fattening  ox,  of  an  average  weight 

Table   I. — Comparison  of  the   Constituents  of  Food  carried  off  in 
Milky  and  in  the  Fattening  Increase  of  Oxen, 


Non- 

nitro- 

Total 

[I  Oftllon  s 

10-88  lb.] 

Nltro- 
genoaa 

Fat 

genoaa 
sabstance 

mineral 
matter 

rho»- 

phorio 

Fotoah 

Total 
solid 

-(ubstaiicc 

not  fat 
(sugar) 

(ash) 

acid 

matter 

In  Milk  peb  Week. 


If:— 

4  quarts  per  head 
per  day 


6 
8 
10 
12 
14 
16 
18 
20 


*f 

If 
»« 
i> 
fi 
»f 

9* 
l» 


ft 
t1 
II 

»♦ 
II 
It 
II 
II 


ib. 

Ih. 

lb. 

lb. 

lb. 

lb. 

2-64 

2-53 

333 

0-54 

01566 

01350 

3-96 

3-80 

4  99 

0-81 

0-2349 

02025 

5-28 

6-06 

6-66 

1-08 

0-3132 

0-2700 

6-60 

6-33 

8-32 

1-35 

0-3915 

0-3376 

7-92 

7-59 

9-99 

1-62 

0-4698 

0-4050 

9-24 

8-86 

11-65 

1-89 

0-5481 

0-4725 

10-56 

10-12 

13-32 

2-16 

0-6264 

0-6400 

11-88 

11-39 

14-98 

2-43 

0-7047 

0-6075 

13-20 

12-65 

16-65 

2-70 

0-7830 

0-6760 

lb. 

904 
13-56 
18-08 
22-60 
2712 
31-64 
3616 
40-68 
46-20 


In  Incbease  in  Live-weight  peb  Week  (Oxen). 


If  10  lb.  increase 
If  15  lb.  increase 


0-80 
1-20 


6-35 
9-53 


0-20 
0-30 


0-086 
0129 


0011 
00165 


7-36 
1103 


of  1,0001b. — first  on  the  assumption  of  a  weekly  increase  of 
10  lb.,  and  secondly  of  15  lb. 

The  estimates  of  the  amounts  of  constituents  in  the  milk 
are  based  on  the  assumption  that  it  will  contain  12*5  per  cent, 
of  total  solids,  consisting  of  3*65  albuminoids,  3*50  butter-fat, 
4*60  sugar,  and  0*75  total  mineral  matter ;  the  last  containing 
0-22  (0-2175)  phosphoric  acid,  and  019  (01875)  potash.  The 
estimates  of  the  constituents  in  the  fattening  increase  of  oxen 
are  founded  on  determinations  made  at  Rothamsfced.  On  this 
point  it  may  be  added,  that  the  amounts  of  nitrogenous  substance 
in  the  animal  increase  are  slightly  raised  from  the  original 
estimate,  first  published  in  1885,  and  they  now  accord  with  that 


Ccmsumption  of  Foods  for  the  Produduyii  of  Milk,  5 

adopted  in  our  valuation  tables  published  in  1885,  and  again  in 
1897.  The  amount  of  total  mineral  matter  in  the  increase  is 
also  somewhat  raised  from  the  original  estimate ;  partly  from 
the  consideration  that,  with  earlier  maturity,  the  so-called 
fattening  increase  will  contain  more  of  growth,  and  hence 
somewhat  more  of  both  nitrogen  and  mineral  matter,  than 
was  assumed  in  onr  earlier  adopted  average  estimates. 

Referring  to  the  very  wide  range  of  yield  of  milk  per  head 
per  day  which  the  figures  in  the  Table  assume,  it  may  be 
remarked  that  it  is  by  no  means  impossible  that  the  same 
animal  might  yield  the  largest  amount — namely,  20  quarts,  or 
5  gallons,  per  day,  near  the  beginning,  and  only  4  quarts,  or 
1  gallon,  or  even  less,  towards  the  end  of  her  period  of  lactation. 
At  the  same  time,  a  moderately  large  herd  of,  say  Shorthorns 
or  Ayrshires,  of  fairly  average  quality,  well  fed,  and  including 
animals  of  various  periods  of  lactation,  should  not  yield  an  aver- 
age of  less  than  8  quarts,  or  2  gallons,  and  would  seldom  exceed 
10  quarts,  or  2^  gallons,  per  head  per  day,  the  year  round. 

For  the  purposes  of  illustration,  we  will  assume  an  average 
yield  of  milk  of  10  quarts,  equal  2^  gallons,  or  between  25  and 
26  lb.  per  head  per  day ;  and  compare  the  amount  of  consti- 
tuents in  the  weekly  yield  at  this  rate,  with  that  in  the  weekly 
increase  of  the  fattening  ox  at  the  higher  rate  assumed  in  the 
Table — namely,  15  lb.  per  1,000  lb.  live-weight,  or  1*5  per  cent., 
per  week. 

Thus,  of  the  nitrogenous  substance  of  the  food,  the  amount 
stored  up  in  the  fattening  increase  of  the  ox  will  be  only  12  lb., 
but  the  amount  carried  off  as  such  in  the  milk  would  be  6*6  lb , 
or  5^  times  as  much  as  in  the  increase.  Of  mineral  matter, 
again,  the  fattening  increase  would  not  contain  more  than  0*3  lb. ; 
whilst  the  milk  would  carry  off  1*35  lb.  or  4^  times  as  much  ; 
of  phosphoric  acid,  the  increase  would  contain  0*129  lb.  and 
the  milk  0*3915  lb.  or  more  than  3  times  as  much ;  and  of 
potash,  the  fattening  increase  would  contain  00165  lb.,  but  the 
milk  03375 lb.,  or  more  than  20  times  as  much. 

Although  the  fact  has  no  bearing  on  our  present  estimates, 
it  is  of  interest  to  observe  that,  whilst  the  fattening  increase 
would  contain  9*53  lb.  of  fat,  the  milk  would  contain  only 
6*33  lb.,  or  only  about  two-thirds  as  much.  On  the  other  hand, 
whilst  the  fattening  increase  contains  practically  no  other  non- 
nitrogenous  substance  besides  fat,  the  milk  would  carry  off 
8  32  lb.  in  the  form  of  milk-sugar.  It  may  be  added,  that  this 
amount  of  milk-sugar  reckoned  as  fat  would  correspond  approxi- 
mately to  the  difference  between  the  fat  in  the  milk  and  that 
in  the  fattening  increase. 
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From  the  foregoing  coniparisons,  ifc  is  evident  that  the  drain 
upon  the  food  is  very  much  greater  for  the  production  of  milk 
than  for  that  of  meat;  leaving,  therefore,  correspondingly 
smaller  amounts  of  the  constituents  consumed  remaining  for 
manure.  This  is  especially  the  case  in  the  important  item  of 
nitrogenous  substance;  and  if,  as  is  frequently  assumed,  the 
butter-fat  of  the  milk  is,  at  any  rate  to  a  great  extent,  primarily 
derived  from  the  nitrogenous  substance  of  the  food,  so  fat  as  it 
is  so,  about  two  parts  of  such  substance  would  be  required 
to  produce  one  of  fat.  On  such  an  assumption,  therefore,  the 
requirement  for  nitrogenous  substance  of  food  would  be  much 
greater  than  that  indicated  in  the  Table  (I.)  as  existing  as 
nitrogenous  substance  in  the  milk.  But  the  nitrogen  of  any 
amount  of  nitrogenous  substance  so  utilised  for  the  production 
of  fat  would  nevertheless  be  recovered  in  the  manure. 

Independently,  however,  of  the  diflSculty  of  estimating  the 
average  value  of  the  manure  derived  from  the  consumption  of 
food  for  the  production  of  milk,  arising  from  the  very  wide 
difference  in  the  amount  of  milk  yielded  by  different  cows,  or 
by  the  same  cow  at  different  periods  of  her  lactation,  our 
knowledge  as  to  the  difference  in  the  amount  of  the  food 
actually  consumed  by  the  animal  coincidently  with  the  pro- 
duction of  such  different  amounts  of  milk,  is  far  from  definite 
and  trustworthy.  The  difference  in  the  amounts  of  consump- 
tion in  relation  to  production  will,  however,  be  much  less,  and 
will  less  materially  vitiate  estimates  of  manure-value  in  the  case 
of  herds ;  especially  if  the  individuals  are  selected  with  ordinary 
judgment  as  to  milk-yielding  capacity,  and  period  of  lactation, 
and  if  the  feeding  is  also  managed  with  judgment,  under  the 
guidance  of  experience. 

Although  information  is  wanting  to  enable  us  to  connect, 
with  numerical  accuracy,  the  great  differences  in  milk-yield  of 
individual  cows  with  the  coincident  differences  in  consumption 
to  produce  it,  it  may  be  considered  as  satisfactorily  established, 
by  the  results  of  ourselves  and  others  in  this  country,  that  more 
food  is  consumed  by  a  herd  of  cows  to  produce  a  fair  yield  of 
milk,  of  say  8  or  10  quarts  per  head  per  day,  than  by  an  equal 
live-weight  of  oxen  fed  to  produce  fattening  increase.*  In  the 
cases  supposed,  it  may,  for  practical  purposes,  be  assumed  that 


*  In  making  the  above  statement,  we  are  fully  aware  that  in  Wolff's  Tabic* 
of  Standard  liation^t  he  assumes  that  milch  cows  will  consnme  less  total  dry- 
matter  of  foof],  and  also  less  of  digestible  nitrogenous  substance,  non-nitro- 
genous substance,  and  total  organic  substance,  for  a  given  live-weight  per 
day  than  fattening  oxen.  This  is,  however,  certainly  not  the  case  with  fairly 
Vvell-bred  and  liberally  fed  cows  in  this  country,  giving  good  yields  of  milk. 
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the  oows  would  consume  about  one-fourth  more  food  than  the 
oxen.  Accordingly,  in  our  estimates  of  the  value  of  the  manure 
obtained  on  the  consumption  of  food  for  the  production  of  milk, 
we  have  assumed  that  one-fourth  more  will  be  consumed  by  1,000 
lb.  live-weight  of  cows  than  by  the  same  weight  of  oxen ;  but 
the  estimates  of  the  amounts  of  the  constituents  of  the  food 
removed  in  the  milk,  or  remaining  for  manure,  are  nevertheless 
reckoned  per  ton  of  each  food  consumed,  as  in  the  case  of  those 
relating  to  feeding  for  the  production  of  fattening  increase.  It 
may  be  added,  that  the  calculations  of  the  amounts  of  the  con- 
stituents in  the  milk  are  based  on  the  same  average  composition 
of  milk  as  is  adopted  in  the  construction  of  Table  I.  (p.  4),  and 
described  in  detail  in  the  letterpress  at  pp.  4-5.  Thus,  the  nitro- 
gen is  taken  at  0*579  (=3*65  nitrogenous  substance)  per  cent., 
the  phosphoric  acid  at  02175  per  cent.,  and  the  potash  at 
0'1875  per  cent.,  in  the  milk. 

Table  II.  (pp.  8-9)  shows  in  detail  the  estimate  of  the 
amount  of  nitrogen  in  one  ton  of  each  food,  and  in  the  milk 
produced  from  its  consumption,  on  the  assumption  of  an  average 
yield  of  10  quarts  per  head  per  day ;  also  the  amount  remain- 
ing for  manure  the  amount  of  ammonia  corresponding  to  the 
nitrogen,  and  the  value  of  the  ammonia  at  4cZ.  per  lb.  Similar 
particulars  are  also  given  in  relation  to  the  phosphoric  acid  and 
the  potash,  consumed  in  the  food,  removed  in  the  milk,  and 
remaining  for  manure,  &c.  This  table  will  serve  as  a  sufficient 
illustration  of  the  mode  of  estimating  the  total  or  original  value 
of  the  manure,  derived  from  the  consumption  of  the  different 
foods  for  the  production  of  milk  in  the  case  supposed;  that  is 
assuming  an  average  yield  of  a  herd  of  1 0  quarts  per  head  per  day. 

We  have,  however,  made  similar  detailed  calculations  of  the 
total  or  original  manure-value  (as  in  Table  II.  for  10  quarts),  on 
the  alternative  assumptions  of  a  yield  of  6,  8,  12,  and  14  quarts, 
per  head  per  day ;  and,  so  far  as  the  estimates  of  the  total  m* 
original  mamure'Valtie  are  concerned,  the  results  for  the  various 
amounts  of  milk-yield  are  given  in  Table  III.  (p.  10).  For 
comparison  there  is  also  given,  in  the  first  column,  the  estimate 
of  the  total  or  original  manure-value  when  the  foods  are  con- 
sumed for  the  production  of  fattening  increase. 

So  much  for  the  plan  and  results  of  the  estimations  of  the 
total  or  original  manure-value  of  the  difierent  foods,  that  is 
deducting  only  the  constituents  removed  in  the  milk,  and 
reckoning  the  remainder  at  the  prices  at  which  they  can  be  pur- 
chased in  artificial  manures.  With  a  view  to  direct  application 
to  practice,  however,  we  have  now  to  endeavour  to  estimate  the 

[condnued  on  p.  U 
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Table  II. — Estimates  of  the  Total  or  Original  Mcmure-value  of 
MUk,     Valuations  on  the  assu/mption  of  an  average  pro- 


Description  of  food 

KrrBooKir 

1 

N08. 

In  milk 

Inmannre 

In  1  ton 

from 

Total  re- 

of  food 

Itoo 

maining 
for 

Nitroeeo 

Value  of 

of  food 

equal 

ammouia  at 

manure 

ammouia 

id.  per  ] 

b. 

lb. 

lb. 

lb. 

lb. 

£     *. 

d. 

1 

Linseed  .... 

80  64 

25-04 

55-60 

67-52 

1     2 

6 

2 

Linseed  cake  . 

106  40 

20-86 

85-54 

103-87 

1  14 

7 

3 

Decorticated  cotton  cake 

147-84 

19-27 

128-57 

156*13 

2  12 

1 

4 

Palm-nut  cake 

56-00 

17-86 

88-14 

46-31 

0  15 

5 

6 

Undecorticated  cotton 
1                cake                J 
Cocoa-nut  cake 

8400 

1566 

68-34 

82-99 

1    7 

8 

8 

7616 

15-66 

60-50 

73-47 

1    4 

6 

7 

Rape  cake 

Peas       .... 

109-76 

12-50 

97-26 

118-11 

1  19 

4 

8 

80-64 

17-86 

62-78 

76-24 

1    6 

6 

9 

Beans      .... 

89*60 

17-86 

71-74 

8712 

1    9 

0 

10 

Lentils    .... 

94-08 

17-86 

76-22 

92-56 

1  10  10  1 

11 

Tares  (seed)    . 
Indian  com    , 

9408 

17-86 

76-22 

92-56 

1  10 

10 

■ 

12 

38-08 

17-38 

20-70 

25-14 

0    8 

5 

18 

Wheat    .... 

40-32 

17-88 

22-94 

27-86 

0    9 

3 

14 

Malt       .... 

3808 

17-86 

20-22 

24-55 

0    8 

2 

15 

Barley    .... 

36-96 

17-38 

19-58 

23-78 

0    7 

11 

16 

Oats        .... 

44-80 

16-68 

28-12 

3415 

0  11 

6 

17 

Bice  meal 

42-56 

16-68 

25-88 

31-43 

0  10 

6 

18 

Locust  beans . 
Malt  coombs  • 

26-88 

13-90 
15-66 

12-98 

15-76 

0    6 

3 

19 

87-36 

71-70 

87-07 

1     9 

0 

•20 

Fine  pollard   . 

54-88 

16-68 

38-20 

46-39 

0  15 

6 

21 

Ck>arse  pollard 

5C-00 

15-66 

4034 

48-99 

0  16 

4 

22 

Bran       .... 
Clover  hay 

5600 

13-90 

4210 
44  82 

5112 

0  17 

0 
2 

23 

53-76 

8-94 

54-43 

0  18 

24 

Meadow  hay  .        , 
Pea  straw 

33-60 
22-40 

8-36 

25-24 

30-65 

0  10 

3 
11 

25 

7-83 

14-57 

17-69 

0    6 

26 

Oat  straw 

11-20 

6-95 

4-25 

516 

0    1 

9 

27 

Wheat  straw  . 

10-08 

5-98 

4-10 

4-98 

0    1 

8 

28 

Barley  straw  , 

8-96 

5-46 

3-50 

4-25 

0    1 

5 

29 

Bean  straw     . 
Potatoes. 

2016 

5-68 
2-07 

14-48 

17-68 
4-29 

0    6 

10 

30 

5-60 

3-53 

0    1 

5 

31 

Carrots  .... 

4-48 

1-46 

3-02 

8-67 

0    1 

3 

32 

Parsnips. 

4-93 

1-67 

3-26 

3-96 

0    1 

4 

33 

Mangel  wurzels 

4-93 

1*32 

8-61 

4-38 

0    1 

6 

34 

Swedish  turnips 

6-60 

114 

4-46 

5-42 

0    1 

10 

35 

Yellow  turnips 

4-48 

0-93 

3-55 

4-31 

0    1 

6 

36 

White  turnips 

4-03 

0-84 

319 

3-87 

0    1 

3 

' 
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CcUtle  Foods  ctfter  Consumption  by  Cows  for  the  Production  of 
duetion  by  a  herd,  of  10  quarts  of  milk  per  head  per  day. 


Phobphobic  Acid 

Euiare 

Poi 

rA8R 

In  m 

In  milk 
from 
Iton 

of  food 

In  mi 

In  milk 
from 
Iton 

of  food 

anure 

Total  or 
original 
manure- 

In  1  ton 
of  food 

Total  re- 
maining 

for 
xnaaoro 

Value 
ht3d. 
per  lb. 

Inl  ton 
of  food 

Total  re- 
maining 

for 
manure 

Value 
atl^if. 
per  lb. 

value  per 
.  ton  of  food 
consumed 

lb. 
34-60 

lb. 
9-34 

lb. 
26-16 

«. 

4 

d, 
2 

lb. 
30-69 

lb. 
802 

lb. 
22-67 

s.    d. 
2  10 

S,    t.    d, 
19     6 

44-80 

7-79 

3701 

6 

2 

31-36 

6-71 

24-66 

8     1 

2     3  10 

69-44 

718 

62-26 

10 

6 

44-80 

6-22 

38-68 

4  10 

3    7    4 

26-88 

6-68 

20-20 

3 

4 

11-20 

6-73 

6-47 

0    8 

0  19    5 

44-80 

6-86 

38-96 

6 

6 

44-80 

6-07 

39-73 

6    0 

1  19    2 

31-36 

6*86 

26-61 

4 

8 

44-80 

607 

39-73 

6    0 

1  13    9 

6600 

4-69, 

61-31 
12-36 

8 

7 

33-60 
21«60 

4-09 

29-61 

8    8 

2  11     7 

1904 

6-68 

2 

1 

6-73 

16-77 

2    0 

19     6 

24-64 

6-68 

17-96 

8 

0 

29-12 

6-73 

23-39 

2  11 

1  14  11 

16-80 

6  68 

1012 

1 

8 

16-68 

6-73 

9-96 

1     3 

1  13     9 

17-92 

6-68 

11-24 

1 

10 

17-92 

6-73 

1219 

1     6 

1  14     2 

13-44 

6-60 

6-94 

1 

2 

8-29 

6-66 

2-73 

0    4 

0    9  11 

19-04 

6-60 

12-64 

2 

1 

11-87 

5-66 

631 

0    9 

0  12     1 

17-92 

6-68 

11-24 

1 

10 

11-20 

6-73 

5-47 

0    8 

0  10    « 

16-80 

6-60 

10-30 

1 

9 

12-32 

6-66 

6-76 

0  10 

0  10    ^ 

13-44 

624 

7-20 

1 

2 

11-20 

6-40 

6-80 

0    9 

0  13    4 

(13-44) 

6-24 
6-19 

7-20 

1 

2 

(8-29) 

6-40 
4-42 

2  89 

0    4 

0  12    0 

44-80 

5-86 

38-96 

6 

6 

44-80 

6-07 

39-73 

6    0 

2    0     6 

6496 

6-24 

68-72 

9 

9 

32-70 

6-40 

27-30 

3    6 

1     8    8 

78-40 

686 

72-65 

12 

1 

33-60 

6-07 

28-63 

3     7 

1  12    0 

80-64 

619 

76-46 

12 

7 

32-48 
33-60 

4-42 

2806 

3    0 

I  \1K     1 

12-77 

3*36 

9-42 

1 

7 

2-94 

30-66 

3  10 

13     7 

8-96 

3-10 
2-91 

6-86 

1 

0 

35-84 

2-62 

33-22 

4     2 

0  15     6 

7-84 

4-93 

0  10 

22-40 

246 

19-94 

2    G 

0    9    3 

6  38 

2-60 

2-78 

0 

6 

22-40 

2-29 

2011 

2    6 

0    4    9 

• 

5-38 

2-23 

315 

0 

G 

17-92 

1-96 

15-96 

2    0 

0    4     2 

403 

204 

1-99 

0 

4 

22-40 

1-80 

20-60 

2     7 

0    4     4 

6-72 

2-14 
0-78 

4-68 
268 

0 

9 

22  40 

1-80 

20  60 

2     7 

1     5 

0    9     2 

3-36 

0 

6 

12-32 

0-66 

11-66 

0    3    3 

2-02 

0-54 

1-48 

0 

3 

6-27 

0-49 

6-78 

0    9 

0     2    3 

4-26 

0-63 

3-63 

0 

7 

806 

0-49 

7  67 

0  11 

0    2  10 

1-67 

0-49 

1-08 

0 

2 

8-96 

0-49 

8-47 

1     1 

0     2     9 

1-34 

0  44 

0-90 

0 

2 

493 

0-33 

4-60 

0    7 

0    2    7 

(1-34) 
M2 

0-34 
0-31 

1-00 
0-81 

0 
0 

2 
2 

(4-93) 
6-72 

0-33 
0-33 

(4-60) 
6-39 

0     7 
0  10 

0    2    2 
0    2     3 
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Table  III. — Comparison  of  the  Ealimates  of  Total  or  Original 
Manure-value  when  Foods  are  consumed  for  the  Production  oj 
Fattening  Increase^  with  tliose  when  the  Food  is  consumed  by 
Cows  giving  different  yields  of  Milk, 


Deacriptlon  of 
food 

Total  ( 
only  ( 

Forth 
product 
of  fatte 

or  ori^nal  manare-valoe  per 
lodacting  the  constitueuts  ii 

ton  of  food 
1  fattening  i 

f  milk,  supi 
day  to  beaa 

otmsun 
ncreaso 

led— that  is, 
or  in  milk 

No*. 

e 

ion 

n- 

For  the  production  o 
head  per 

posing  t 
i  under- 

hejiddper 

t 

ing  inorease 
£     i,     d. 

6  quarts 

8  quarts      10  quarts    12  quarts    14  quarts 

1 

- 

£    <     d. 

£    *.    d.     £    t. 

1 
d.  I  £    i. 

d,\  £    $.    d. 

1 

Linseed 

1  19 

2 

1    14     7 

1   12     0    1     9 

e'l    7 

114    6 

2 

Linseed  cake 

2  11 

11 

2     8     1 

2    6    0   2    3 

10 '2     1 

9jl  19    8 

3 

f  Decorticated        | 
1        cotton  cake   i 

3  14 

9 

3  11     2 

3    9     2   3    7 

4 

3    6 

4   3    3    4 

4 

Palm-nut  cake 

1     6 

4 

13     2 

114 

0  19 

6 

0  17 

9   0  15  11 

5 

( Undecorticated    ) 
1 1     cotton  cake      ) 

2     6 

3 

2     2     4 

2    0     8 

1  19 

2 

1  17 

6 

1  15  11 

6     Cocoa-nut  cake    . 

1  19 

10 

1  16  11 

1  16    3    1  13 

9 

1  12 

3 

1  10    6 

7 

'  Bapc  cake    . 
Peas     . 

2  16 

5 

2  14    2 

2  32  11 

2  11 

7 

2  10 

4 
1 

2    9    1 

8 

1   16 

5 

1  13     1 

1  11     2 

1     9 

6    17 

8; 

1     6    9 

9  1  Be«in8  . 

2     1 

11 

1  18     7il  16  lOJl  14 

11    1  13 

11  11     4 

10  \  Lentils 

2    0 

8 

117     5    1  16     7  1 1  13 

9 

I  12 

2 ! 1  10    1 

11 

Tares  (seed) 

2     1 

0  IG 

1 
7 

1  17  11 
0  13    4 

I  16    0    1  14 

2 

1  12 

0    8 

6 
1 

1  10    7 

1 
12     Indian  corn 

0  11     7   0    9 

11 

0    6    5 

13     Wheat 

0  18 

11 

0  15     8   0  13  11 ;0  12 

1;0  10 

5;0     8    8 

11  1  Malt     . 

0  17 

7 

0  14     5   0  12     7,0  10 

8'0    9 

0   0     7    1 

15  1  Barley 

0  17 

2 

0  14    0   0  12    3'0  10 

6   0    8 

8    0     6  11 

16  1  Oats     . 

1  0  19 

9 

0  16     8   0  15    0   0  13 

4,0  11 

7   0    9  10 

17  '  Rice  meal 

(0  18 

6) 

0  15     6   0  13     9|0  12 

0   0  10 

6;o   8  7 

18     Locust  beans 

1 

— 

— 

2    2    0 

— 

— 

10      Malt  coombs 

2     6 

7 

2     3     9 

2     0 

6 

1  18 

11 1 1  17    4 

20  i  Fine  pollard 

1  16 

2 

1  12    0   1  10    5 

1     8 

8 

1     6 

11 

1    5    3 

21  1  Coarse  pollard 

1  1  18 

1 

1  15     2  1 1  13     6 

1  12 

0 

1  10 

5 

18    9 

22  I  Bran     . 

1  18 

6 

1  15  11 

1  14     6 

1  13 

1 

1  11 

8 

1  10    3 

23  1  Clover  hay   . 

1     7 

0 

1     5     5 

1     4     5 

1     3 

7 

1     2 

8 

1    1    8 

24 

Meadow  hay 
Pea  straw     . 

0  18 

7 

0  17    0 
0  10    9 

0  16    3 

0  16 

5 

0  14 

5 

0  13    7 

25 

I  0  12 

2 

0  10    0 

0     9 

3 

0    8 

5   0    7    8 

26     Oats- raw 

1  0    7 

6 

0    6    2 

0    5     5 

0     4 

9 

0    4 

0  0    3    3 

27     Wheat  straw 

0     6 

G 

0    5     5 

0    4  10 

0     4 

2 

0    3 

6   0    3    0 

28     Barley  stiaw 

0     G 

5 

0     5     G 

0     4  10 

0    4 

4 

0    3 

9   0    3    2 

29     Bean  straw  . 
80     PoUtnes 

0  11 

5 

0  10     4 

0     9    9 

0    9 

2 

0    8 

7 

0    8    0 

0    4 

1 

0     3     9 

0    3     6 

0    3 

3 

0    3 

1 

0    2  11 

31  1  Canots 

0    2 

9 

0     2     GO     2     4 

0     2 

3 

0    2 

1 

0    1  11 

32  1  Parsnips 

0     3 

6 

0     3     3*0     3     1 

0    2 

10 

0    2 

8 

0    2    7 

33  1  Mangel  wurzeN    . 

0    3 

2 

0     3     O'O     2  10 

0    2 

9 

0    2 

7 

0    2    5 

34  1  Swedish  turnips  . 

'  0    2 

11 

0     2     9    0     2     8 

0    2 

7    0    2 

5 

0    2    3 

35  1  Yellow  turnips 

(0     2 

6) 

0     2     4    0     2     3    0     2 

2   0    2 

1 

0    2    0 

36  1  White  turnips 

0    2 

7 

0    2     5,0    2    4    0    2 

3   0    2 

2   0    2    0 

Cormmypiion  of  Foods  fur  the  Production  of  MiUc,  1 1 

unexhausted  manure-value  of  the  different  foods,  or  what  may  be 
called  their  compensalion-value,  after  they  have  been  used  for  a 
series  of  years  by  the  outgoing  tenant,  and  he  has  realised  a 
certain  portion  of  the  manure-value  in  his  increased  crops.  In 
the  calculations  we  have  adopted  the  same  scale  of  reduction  of 
the  manure-yalue  from  year  to  year  as  in  the  case  of  the 
manure  derived  from  the  consumption  of  the  foods  for  the  pro- 
duction of  fattening  increase ;  and  we  must  refer  to  the  Section — 
"  Unexhausted  Manure-value  of  Cattle  Foods  " — in  our  paper  in  the 
last  number  of  the  Journal,  for  further  comments  and  arguments 
on  the  subject.  It  will  suffice  to  state  here,  that  the  rule  is 
to  deduct  one-half  of  the  original  manure-value  of  the  food  used 
the  last  year,  and  one-third  of  the  remainder  each  year  to  the 
eighth,  in  the  case  of  all  the  more  concentrated  foods,  and  the 
roots ;  in  fact  of  all  the  foods  in  the  list  excepting  the  hays  and 
the  straws;  and  for  these,  which  contain  larger  amounts  of 
indigestible  matter,  and  the  constituents  of  which  will  be  more 
slowly  available  to  crops,  two-thirds  of  the  original  manure^ 
value  is  deducted  for  the  last  year,  and  only  one-fifth  from  year 
to  year  to  the  eighth  year  back. 

The  results  of  the  estimates  of  compensaiian'VahLe  so  made, 
are  given  for  the  five  yields  of  6, 8, 10, 12,  and  14  quarts  of  milk 
per  head  per  day  respectively,  in  the  five  Tables — IV.,  V.,  VI., 
VII.,  and  VIII.  (pp.  12-16).  In  each  case,  the  first  column 
shows  the  total  or  original  manur&^alueoi  the  food;  the  second 
the  allowance  for  the  last  year,  the  succeeding  seven  columns 
that  for  each  year  back  to  tibe  eighth ;  and  the  last  column  gives 
the  total  compensation-value  for  eight  years'  consumption. 

The  estimates  are  thus  fully  given  for  a  minimum  yield  of 
6,  and  for  a  maximum  of  14,  quarts  per  head  per  day ;  also  for 
the  three  intermediate  amounts  of  8,  10  and  12  quarts.  The 
range  of  the  results  will,  therefore,  probably  cover  all  the 
requirements  of  valuation  in  actual  practice.  It  may  be  added, 
that  amounts  intermediate  between  any  two  of  those  provided 
for  in  the  tables  may  be  obtained  by  taking  the  mean  of  the  two. 

Although  we  have  thus,  in  the  five  Tables  IV.  to  VIII., 
adopted  the  same  scale  of  reduction  from  the  total  or  original 
manure-value  from  year  to  year,  when  food  is  consumed  for  the 
production  of  milk,  as  when  the  consumption  is  for  fattening 
increase,  it  must  be  borne  in  mind  that,  when  cows  are  fed  in 
sheds  or  yards,  the  manure  is  generally  liable  to  greater  losses 
than  is  the  case  with  fattening  oxen.  The  manure  from  the 
cow  contains  much  more  water  in  proportion  to  solid  matter 
than  that  of  the  ox.     Water  will,  besides,  frequently  be  used 

iamdnued  on  p,  17 
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Tablb  IY. — Eatimates  of  the  Compeneation-valvs  of  tlie  Unexhausted  MtMnum 
when  Foods  are  consumed  for  the  Production  of  Milk,  starting  from  the  Tola 
or  Original  Manure-value, 

1.  A^aming  a  yield  of  6  quarts  of  milk  per  head  per  day. 


Foods 


Total  or 
origlDal 
manure- 
value, 
deducting 
consti- 
tuents la 
milk  only 


Last 
year 


Compensation-Talne  of  unexhansted  manures 

: a — 


Second 
year 


Third 
year 


Fourth 
year 


Fifth 


Sixth 


year  ■  yair 


t 


SV'ntli  Eighth 


year 


year 


Total 


Deduct  ^  of  Original  ^janure-valub  the  Last  Ybab,  akd  ^  fbom  Year  to  Ykai 


One  Ton 

£    t. 

d. 

£    j>. 

d. 

£    s. 

d. 

t. 

d. 

s. 

d.    s. 

d. 

t. 

d. 

<.    d.  1  <• 

d. 

£     «.    4 

1.  Linseed    . 

1  14 

7 

0  17 

4 

0  11 

7 

7 

9 

6 

2  3 

5 

2 

3 

1     61 

0 

2  10    < 

2.  Linseed  cake   . 

2    8 

1 

1    4 

1 

0  16 

1 

10 

9 

7 

24 

9 

3 

2 

2     1    1 

5 

3     9    ( 

Q   Deoorticated 
t     cotton  cake  > 

3  11 

2 

1  15 

7 

1    3 

9 

15  10 

10 

7 

7 

1 

4 

9 

3    2 

2 

1 

6     2  U 

4.  Palm-nnt  cake 

1    3 

2 

0  11 

7 

0    7 

9 

5 

2 

8 

5 

2 

3 

I 

6 

1    0 

0 

8 

1   13    ^ 

-  r  Undecortioat'd  \ 
t     cotton  cake  ) 

2    2 

4 

1    1 

2 

0  14 

1 

9 

5 

6 

3 

4 

2 

2 

9 

1  10 

1 

3 

3     0  11 

6.  Cocoa-nut  cake 

1  16 

11 

0  18 

6 

0  12 

4 

8 

3 

5 

6 

3 

8 

2 

5 

17    1 

1 

2  13    { 

7.  Bape  cake 

2  14 

2 

1    7 

1 

0  18 

1 

12 

1 

8 
4 

1 
11 

5 
3 

5 

3 

7 

2    5 

1 

7 

3  18    i 

8.  Peas 

1  13 

1 

0  16 

7 

0  11 

1 

7 

5 

3 

2 

2 

1     5 

0  11 

2     7    S 

9.  Beans 

1  18 

7 

0  19 

4 

0  12  11 

8 

7 

6 

9 

3  10|2 

7 

1     9 

1 

2 

2  15  1] 

10.  Lentils     . 

1  17 

5 

0  18 

9 

0  12 

6 

8 

4 

5 

7 

3 

9   2 

6 

1     8    1 

1 

2  14    1 

11.  Tares  (seed)     . 

1  17 

11 

0  19 
0    6 

0 

8 

0  12 
0    4 

8 
5 

8 

5 

5 

7 

3 

1 

9|2 

6 
10 

1     8 

1 

1 
5 

2  14    % 

12.  Indian  corn 

0  13 

4 

2 

11 

1 

11 

3 

0 

0     7   0 

0  19    C 

13.  Wheat      . 

0  15 

8 

0    7 

10 

0    5 

3 

3 

6 

2 

4  1 

7 

1 

1    0    9;0 

6 

1     S  Id 

14.  Malt 

0  14 

6 

0    7 

3 

0    4 

10 

3 

3 

2 

2  1 

5|0 

11   0    7 

0 

5 

1     0  10 

16.  Barley      , 

0  14 

0 

0    7 

0 

0    4 

8 

3 

1 

2 

1 

1 

5'0 

11    0     7 

0 

5 

1     0    % 

16.  Oats 

0  16 

8 

0    8 

4 

0    6 

7 

3 

9 

2 

6 

1 

8!l 

1,0    9 

0 

6 

1    4   a 

17.  Rice  meal 

0  15 

5 

0    7 

9 

0    5 

2 

3 

5 

2 

3 

1 

6 

1 

O'O    8 

0 

5 

1     2    S 

18.  Locust  beans   . 

— 

— 

— 

- 

4 

2 

11 

1 

3 

— 

19.  Malt  coombs    . 

2    3 

9 

1     1 

11 

0  14 

7 

9 

9 

6 

6 

4 

'ill 

3    3    2 

20.  Fine  pollard    . 

1  12 

0 

0  16 

0 

0  10 

8 

7 

1 

4 

9' 3 

2'2 

m     501l| 

2    6    1 

21.  Coarse  pollard 

1  15 

2 

0  17 

7 

0  11 

9 

7 

10 

6 

3  3 

62 

4    1     7|1 

1 

2  10  11 

22.  Bran 

1  15  11 

0  18 

0  j  0  12 

0 

8 

0 

5 

4  3 

7J2 

5    1     7il 

1 

2  12    0 

Deduct  \  of  Original  Manure- value  the  Last  Year,  and  ^  from  Year  to  Ykas 

One  Ton 

23.  Clover  hay 

24.  Meadow  hay    . 

1    5 
0  17 

5 
0 

0    8    6 
0    5     8 

1 

0    6  10    6     6 

0    4     6    3     7 

1 

4     513    G 
2  10|  2    3 

2  10 
1  10 

1     2 

0     8 
0    7 

0  7 

1  2 

2    3    1  10 
16    12 

1  15  8 
1     3    4 

25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw    . 

28.  Barley  straw    . 

29.  Bean  straw 

0  10 
0    6 
0    5 
0    5 
0  10 

9 
2 
5 

6 
4 

0    3    7 
0    2     1 
0     1  10 
0     1  10 
0    3    6 

0    2  10    2     3 
0     18     14 
0     16112 
0    16     12 
0    2    9    2    2 

1  10  1     6 
1     1  0  10 
0  lliO     9 

0  11,0    9 

1  9!l     5 

1 

0  11 
0    6 
0     6 
0    6 
0  11 

0    9 
0    6 
0    5 
0    5 
0    9 

0  14  10 
0  8  7 
0  7  8 
0  7  8 
0  14    4 

Deduct  j^  of  Original  Manuee-value  the  Last  Year,  and  ^  from  Year  to  Ykab 


Ten  Tons 

30.  Potatoes  •        • 

31.  Carrots     . 

32.  Parsnips  . 

33.  Mangel  wurzels 

34.  Swedish  turnips 
85.  Yellow  turnips 
36.  White  turnips . 


1  17 

6 

1     5 

0 

1  12 

6 

1  10 

0 

1     7 

6 

1     8 

4 

1     4 

2 

0  18 
0  12 
0  16 
0  15 
0  13 
0  11 
0  12 


9 1 0  12    6 

8    4 

5     7 

3    9 

2     6 

1    8 

1     1 

6   0    8     4 

5     7 

3    9 

2    6 

1     8 

1     1 

0    9 

3|0  10  10 

7    8 

4  10 

3    3 

2    2 

1     6 

0  11 

0  ;  0  10    0 

6     8 

4    5  2  11 

1  11 

I    3!o  lOl 

90    9    2 

6     1 

4     ll2     9*1  10 

1    3!o  lol 

80    7    9 

5    2 

3    5!  2    8    1     6 

1     0 

0    8 

10    8     1 

1 

5     5 

3     7 

2    5 

1    7 

1     1 

0    9 

2  14  2 

1  16  2 

2  6  11 
2  3  0 
1  19  9 
1  13  5 
1  16  0 
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"V. — Estimates  of  the  Compensation-valtie  of  the  Unexhausted  Manures  when 

Foods  are  conswnedfor  the  Production  ofMUk^  startiiig  from  the  Total  or  Original 

Afantire-vctlue. 

2.  AgsnmJDg  a  yield  of  8  qparts  of  milk  per  head  per  day. 


Foods 


Total  or 
original 
mauore- 
valae, 
deducting 
consti- 
tuents In 
milk  only 


Compensation-Yalue  of  unexhausted  manure 


Third    Fourth   Fifth    Sixth  S'v*nth 


year 


year 


yetir 


year 


year 


Total 


DbDUCT    i    OP   ORiaiNA^li  MA.NIJRK- VALUE  I 

d. 

La 
s. 

ST 

Ye 

AK,   AND    ^ 

I 

d.  \  i.    d.  \  «. 

FROM 

Vbar   TO   Yeab 

One  Ton 

£    «.    d. 

£    t. 

d. 

£    s. 

d. 

«. 

d.     «. 

d. 

i. 

d. 

£    <.    d. 

1.  UDseed    . 

1  12     0 

0  16 

0 

0  10 

8 

7 

1 

4 

9  3 

2|2 

1 

1 

5 

0 

11 

2     6     1 

2.  Laioseed  cake  . 

2    6    0 

1     3 

0 

0  15 

4 

10 

3 

6 

10  4 

7,3 

1 

2 

1 

I 

5 

3     6    7 

o  /Decorticated   i 
^'\    cotton  cake  f 

3    9    2 

1  14 

7 

1    3 

1 

15 

5 

10 

3  6 

10 

4 

7 

3 

1 

2 

1 

4  19  11 

4.  Palm-nat  cake 

1     1     4 

0  10 

8 

0    7 

1 

4 

9 

3 

2  2 

1 

1 

5 

0  11 

0 

7 

1  10    8 

g  jUndeoorticVd) 
t      cotton  cake 

2    0    8 

1    0 

4 

0  13 

7 

9 

1 

6 

1  4 

1 

2 

9 

1 

10 

1 

3 

2  19    0 

6.  Cocoa-nnt  cake 

1  15    3 

0  17 

8 

0  11 

9 

7 

10 

5 

3  3 

6 

2 

4 

1 

7 

1 

1 

2  11    0 

7.  Rape  cake 

2  12  11 

1     6 

6 

0  17 

8 

11 

9 

7 
4 

10 

7 

5 

3 

3 

6 

1 

2 

1 

4 
5 

1 

7 

3  16     5 

8.  Peas 

1  11     2 

0  15 

7 

0  10 

5 

6 

11 

3 

1 

2 

0  11 

2    6     0 

9.  Beans      • 

1  16  10 

0  18 

5 

0  12 

3 

8 

2 

5 

513 

7 

2 

5 

1 

7 

1 

1 

2  12  11 

10.  liCntils     . 

1  15    7 

0  17 

10 

0  11 

11 

7  11 

5 

3,3 

6 

2 

4 

1 

71 

1 

2  11     5 

11.  Tares  (seed)    . 

1  16    0 

0  18 

0 

0  12 

0 

8 

0 

5 

4 

3 

7 

2 

5 
9 

I 

7 

1 

0 

1 
4 

2  12    0 

12.  Indian  com     . 

0  11    7 

0    5 

10 

0    3 

11 

2 

7 

1 

9 

2 

0 

0 

6 

0  16  10 

13.  Wheat     . 

0  13  11 

0    7 

0 

0    4 

8 

3 

1 

2 

1 

5 

0 

11 

0 

7 

0 

5 

1     0    2 

14.  Halt 

0  12    7 

0    6 

4 

0    4 

3 

2 

10 

1 

11 

3 

0  10 

0 

7 

0 

5 

0  18    5 

15.  Barley 

0  12    3 

0    6 

2 

0    4 

1 

2 

9 

1 

10 

3   0 

10 

0 

7 

0 

5 

0  17  11 

16.  Oats 

0  15    0 

0    7 

6 

0    5 

0 

3 

4 

2 

3 

6 

1 

0 

0 

8 

0 

5 

1     1     8 

17.  Rice  meal 

0  13    9 

0    6  11 

0    4 

7 

3 

1 

2 

1 

5 

0  11 

0 

7 

0 

5 

1     0    0 

18.  LocQst  beans  . 

— 

— 

- 

— 

- 

4 

2 

2 

9 

1 

" 

3 

19.  Malt  coombs    . 

2    2    0 

1     1 

0 

0  14 

0 

9 

4 

6 

3 

10 'l 

3    0    7 

20.  Fine  pollard     . 

1  10    5 

0  15 

3 

0  10 

2 

6 

9 

4 

6 

3 

0 

2 

0    1 

410 

11 

2    3  11 

21.  Coarse  pollard  • 

1  13    6 

0  16 

9 

0  11 

2 

7 

5 

4 

11 

3 

3 

2 

2 

I 

6   0 

11 

2     8    0 

22.  Bran 

1  14    6 

0  17 

3 

0  11 

6 

7 

8 

5 

1 

3 

5 

2 

3 

1 

6    1 

1 

0 

2     9    8 

Deduct  ^  of  Original  Manure- value  the  Last  Year,  and  J  from  Year  to  Year 


One  Ton 

23.  Clover  hay 

24.  Meadow  hay 

^5.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


1 

4 

5 

0 

16 

3 

0 

10 

0 

0 

5 

5 

0 

4 

10 

0 

4 

10 

0 

9 

9 

0     8     2   0    6     6 
0    5    5:0    4     4 


0  3     4   0 

0  1  10  10 

0  1     7'0 

0  17   0 

0  3     3   0 


2 
1 
1 
1 
2 


2    2 

1     9 

1     6 

1     2 

0  11 

0    9 

0     (\ 

0    5 

0    6 

0    4 

0    5 

0     4 

0  10 

0     8 

1  13  11 
1     2  10 


0  14 
0  7 
0  (i 
0  6 
0  13 


2 

8 
7 
7 
6 


Deduct  j  op  Original  Manure- value  the  Last  Year,  and  ^  from  Year  to  Year 


Ten  Tons 
80.  Potatoes  . 
31.  Carrots  . 

82.  Pkirsnipe  . 

83.  Mangel  wurzels 

84.  Swedish  turnips 

85.  Yellow  turnips 

86.  White  turnips . 


1  16    0 

0  17    6 

0  11     8 

7    9 

1     3    4 

0  11     8 

0    7    9 

5    2 

1  10  10 

0  15    6 

0  10    3 

6  10 

1     8    4 

0  14    2 

0    9    5 

6    3 

1     6    8 

0  13    4 

0    8  11 

5  11 

12    6 

0  11     3 

0    7     6 

5    0 

13     4 

0  11     8 

0    7    9 

5    2 

5    2 
3    5 


3 
2 


4 
4    2 
3  11 
3     4 


7,3 


2 

2 

5,2 


5 
3 
1 
9 
7 
3 
3 


2    3 

1  6 

2  1 
1  10 
1  9 
1     6 


1 
1 
1 
1 
1 
1 


6 
0 


1     6    1 


1  0 
0  8 
5  0  11 
8  0  10 
2  0  9 
0  0  8 
0   0    8 


2  10 

1  13 

2  1 
2  0 
1  18 
1  12 
I  13 


3 
5 
7 
8 
4 
6 
6 
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Con^umpiion  of  Food$for  the  Production  of  Mill\  15 


Tablk  VII. — EstirmUes  of  the  Comp&nsation-valiie  of  tJie  UneasJiausted  Manures 
uyhen  Foods  are  consumed  for  the  Production  of  MVk^  ntarting  fi^om  the  Total  or 
OrigineU  Manure-value. 

4.  Aasuming  a  yield  of  12  quaria  of  milk  per  head  per  day. 


\ 


Poods 


Total  or 

origiiial 

manure- 

value, 

deducting 

consti- 
tuenta  in 
milk  only 


OompeDsatlon-valne  of  unoxliansted  mannres 


Last 
year 


Second 
year 


Tliird    Fourth   Fifth 
year    ,  year      jear 


Sixth 
^ear 


SVnthiEighMi 
year  ■  year 


Total 


l>eDUCT  J  OK  Obiqinal  Manure- value  the  Last  Year,  and  ^  from  Year  to  Year 


One  Ton 
Linseed    . 


2.  Ijinseed  cake   . 
..     f  Decorticated  \ 


£     s.     d 
.17      1 
2     1     9 


3     5     4 


t     cotton  cake ) 

4.   Palm-nut  cake    '0  17  9 

-.    { Undecortic't'd )  1 1   ,  -  « 
I     cotton  cake  ) 

6.  Cocoannt  cake    112  3 

7.  Rape  cake        .  '  2  10  4 


8.  Peas 

9.  Beans      • 

10.  Lentils     . 

11.  Tares  (seed) 

12.  Indian  com 
13^heat      . 
14.^alt 

15.  Barley 

16.  Oats 

17.  Bice  meal 

18.  Locust  beans  . 

19.  Malt  coombs    . 

20.  Fine  pollard     . 
81.  Coarse  pollard 
22.  Bran 


1  7  8 

1  1»  1 

1  12  2 

I  12  6 


0  8  1 
0  10  5 
.090 
0  8  8 
0  11  7 
0  10    5 


1  18  11 

1  6  11 

1  10    5 

1  11     8 


C     «.     d.  ,£     s.     d.    i.     d.     t.    d. 

0  13     7    0     9     1     6     1     4     1 


I  0  11 
I  12  8 
0     8  11 


0  13  11 


9     3 


1     1     914     6 


0     5  11 


0  18     9   0  12    6 


0  16    2 


0  10    9 


1     5    2   0  16    9 


0  13  10  0  9  3 
0  16  7  0  11  1 
0  16  1  0  10  9 
0  16     3i0  10  10 


0  4     10  2     9 

0  5     3   0  3     6 

0  4    6   0  3    0 

0  4     4l0  2  11 

0  6  10   0  3  11 

0  6     3   0  3     6 


0  19  6 
0  13  6 
0  15  3 
0  15  10 


0  13  0 

0     9  0 

0  10  2 

0  10  7 


3  11 

8  4 

7  2 

11  2 


6     2 
9     8 


X.  d.   .M.  d.    M.    d.  ,  t.    d. 

2  9    1  10    1     3 1 0  10 

4  12  9    1  10!l     3 

6  5    4  3 '2  10 


2     7!l     9    1     2 


6  2 

7  5 
7  2 
7  3 


o 

4 
7 


0     9 


1  11 

0  6 

1  1 

0  11 
5i4  11    3     3    2     21     5 


3     9   2     6    1     8 
3     2   2     115 


1  10 

2  4 
2    0 

1  11 

2  7 
2     4 


8  8 
6  0 
6     9 


4  1 
4  11 
4  9 
4  10 


1 
1 
1 
1 
1 
1 


3 

7 
4 
3 
9 

7 


5    9 


4 
4 


0 
6 


7     1  ;4     9 


£ 
I 
3 

4 

1 

2 

2 

3 


s.  d. 

19  6 

0  2 

14  0 

5  6 
14  2 

6  5 
12  3 


2  9  I  1  10 

3  3' 2     2 
3     2t2     1 


1     3  I  0  10 


1     5 


0  11 


1     5   0  11 


3322150  11 


0  10  0 
110 
0  lljO 

0  10   0 

1  20 
1     10 


7 
9 
7 
7 
9 
9 


3  10!  2 

2  81 

3  0   2 
3    2 


7 
9 


0  5   0 

0  6|0 

0  5|0 

0  5   0 

0  6   0 

0  6   0 


3 
4 
3 
3 
4 
4 


1 
1 


0    1 
I'l 


9112 
2   0    9 

4ro  11 

5   0  11 


2 

2 
2 
2 


0  0 
7  9 
6  4 
6  11 


0  12  0 

0  15  4 

0  13  0 

0  12  6 

0  16  10 

0  15  4 


2  16     3 

1  18  10 

2  3  11 
2    5  10 


Dbduct  \  OP  Original  Manure-value  the  Last  Year,  and  a  from  Year  to  Year 

One  Ton  | 

23.  CloFCT  hay       .1     2    80    7    70    6    1     4  10  |3  10 '3     12    62    0 

24.  Meadow  hay.0  14     504  10  0    3  10    3l'2    6i2    01713 


25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


.  iO  8  5 
.040 
.  1 0  3  6 
.  0  3  9 
.087 


0    2  10 
0     14 


0    6     1 
0    3  10 

0    2     3 
Oil 


1  10 
0  10 


1     6 
0     8 


1     2,0  11 
0    6   0    5 


0 

1     2 

0 

0  11 

0    9 

0 

7   0 

6 

0    5 

0 

1     3 

0 

1     0 

0  10 

,0 

8   0 

6 

0    5 

0 

2  10 

0 

2     3 

1  10 

'l 

6    1 

2 

0  11 

0 
0 
0 
0 
0 


9 
4 
4 
4 
9 


1 

7 

1  11     6 

1 

0 
7 

1     0    1 

0 

0  11  10 

0 

3 

0    5     5 

0 

3 

0    4  11 

0 

3 

0    5    3 

0 

7 

0  11  10 

Deduct  J  of  Original  Manure-value  the  Last  Year,  and  ^  from  Year  to  Year 


Ten  Tons 

f 

30.  Potatoes  . 

10  10 

0  15    5 

0 

10 

3 

6  10 

31.  Carrots    . 

0  10 

0  10    5 

0 

6 

11 

4    7  i 

32.  Parsnips 

6    8 

0  13    4 

0 

8 

11 

5  11  , 

33.  Mangel  wurzels 

1 

5  10 

0  12  11 

0 

8 

7 

5    9  i 

34.  Swedish  turnips 

4     2 

0  12    1 

0 

8 

1 

5    5 

35.  Yellow  turnips 

0  10 

0  10    5 

0 

6 

11 

4    7 

36.  White  turnips  . 

1     8 

0  10  10 

0 

7 

3 

4  10 

4  7 
3  1 
3  11 
3  10 
3  7 
3 
3 


3 
2 
2 
2 
2 
1|2 
3'2 


1 
1 
7 
7 
5 
1 
2 


2 

1 
1 
1 
1 
1 
1 


1 
5 
9 
9 
7 
5 
5 


1     5,0 

0  11  0 
12   0 

1  2!0 
1  1|0 
0  11  0 
0  11   0 


V—'  _  -_ 


11 

2    4 

7 

7 

1  10 

0 

9 

1  18 

4 

9 

1  17 

4 

9 

1  15 

0 

7 

1  10 

0 

7 

1  11 

3 

-  « 

.-.f 

* 
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Table  YI. — Estimates    of   the   CompenscUion-vcdue  of  the  Unexhausted  Afanures 
when  Foods   are   consumed  for  the  Production  of  MUk^  sta/rting  from    ike 
Total  or  Original  Manure-value, 
3.  Assuming  a  yield  of  10  qnarts  of  milk  per  head  per  day. 


Foods 


Total  or 

original 

manare- 

value, 

dedaoting 

OODSti- 

taenU  in 
milk 
only 


Oompensatlon-Talue  of  unezhaiuted  manores 


Last 
3-oar 


Second 
year 


Third 
year 


Fourtli  Fifth 
year  \  year 


Sixth  S*T*nth 
year  :  year 


Bfghi 
year 


Dkduct  J  OF  Original  Man ube- value  the  Last  Year,  and  j  fbom  Ybar  to  Ybae 


One  Ton 

1.  Linseed    . 

2.  Linseed  cake    . 
o  (Decorticated   ^ 

'  t  cotton  cake    ) 
4.  Palm-nut  cake 
.  ( XJndecortic't'd 


£    i,  d. 
19    6 

2  3  10 

3  7    4 
0  19    6 


1  cotton  cake 


}|1  19 


6.  Cocoa- nut  cake    113    9 

7.  Rape  cake        .'211    7 


£    s.    d.  j  £    «.    d.    i.     d.    t,    d, 

0  14    9   0    9  10 1  6    7  I  4    5 

1  1  11    0  14    7i  9    9 


1  13  8 
0  9  9 
0  19  7 
0  16  11 


1    2    5  14  11 
0    6    6    4    4 


0  13    1 
0  11    3 


i.     d. 
2   11 

4     4 


6     6- 

9  11    6    7 

2  11' 1  11 


«.   d. 

1  11 

2  11 


».  d.  I  «.  d. 
1  3  I  0  10 
1  11    1     3 


4    5   2  11 ;  1  11 


1     3 


0  10  I  0    7 


8    95  10   3  11    2    71    9 


1     5  10  0  17    3 


8.  Peas 

9.  Beans 

10.  Lentils     . 

11.  Tares  (seed)     . 

12.  Indian  com 

13.  Wheat     . 

14.  Malt 

15.  Barley 

16.  Oats 

17.  Bice  meal 

18.  Locast  beans  . 


19    6 
, 1  14  11 


1  13 
1  14 


9 
2 


0  9  11 
0  12  1 
0  10 
0  10 
0  13 
0  12 


19.  Maltooombs    .206 

20.  Fine  pollard    .18    8 

21.  Coarse  pollard    1 1  12    0 

22.  Bran        .        .  1 1  13    1 


0  14    9'0    9  10 
0  17    6 
0  16  11 
0  17     1 


7    6 
11     6 


5    0   3    4   2    3    16 
7    8613523 


1     2 


1 
1 


0 
6 


0  5  0 

0  6  1 

0  5  4 

0  5  3 


0  11 

8 

0  11 

3 

0  11 

5 

0  3 

4 

0  4 

1 

0  3 

7 

0  3 

6 

6  7    4    5   2  11 1  1  11    1    3  0  10 

7  9    5    2|3     512    3    1     6    1     0 


7    65    03    412    3 


7    7    5    1 


2  3,16 
2  9  1  10 
2  5  17 
2  4  17 
2  11     1  11 


3    5   2    3 


0    6     8,0    4     5 
06004    012819 


1  0 
0  14 
0  16 
0  16 


3  0  13 
4'0  9 
00  10 
7!0  11 


6 

7 
8 
1 


0 


10  0  8 
1  3  I  0  10 
I  1,0  9 
I  I'O  9 
I     3   0  10 


1     6!1    0 
16   10 


0 
0 
0 
0 
0 


5   0 


7 
6 
6 
7 


0 
0 
0 
0 


3 
6 

4 
4 
5 


1     2   0    9;0    6   0    4 


9  0  16 

6  5  |4 

7  14    9    3 
7  5*4  113 


4    0   2    8    1 


2  10  1  11  ,  1 
2  2  111 
3.2    2:1 


9 
3 
5 


I  2 
0  10 
0  11 


5   0  11 


£ 
2 
3 


2 
3 


4  16 

1  8 

2  16 

2  8 

3  14 


2 
2 

9 
1 

8 

9 
6 


2     2  6 

2  10  3 

2     8  9 

2     9  4 


0  14  5 
0  17  10 
0  15  7 
0  15  4 
0  19  0 
0  17    2 


2  18  4 
2  15 
2  6  1 
2     7    9 


Deduct  §  of  Original 

One  Ton 

23.  Clover  hay       .     1     3 

24.  Meadow  hay    .  i  0  15 


Manure-value  the  Last  Year,  and  ^  from  Year  10  Year 


25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


0  9 

0  4 

0  4 

0  4 

0  9 


3 
9 
2 
4 
2 


0    7  10   0    6    3 
0     6     2   0    4     2 


5     0 
3     4 


4    0   3     2 
2     8    2    2 


0 
0 
0 
0 


3 
1 
1 
1 
3 


1 
7 
5 
5 
1 


0 
0 
0 
0 
0 


2 
1 
1 
1 
2 


6 
3 
2 
2 
6 


2  0  17  13 
1  0  1 0  10  0  8 
0  11  0  9  0  7 
0  11    0    9,0    7 


2    0 


1     7  !  1     3 


2    6   2    0 
19    15 


1 
0 
0 
0 
1 


0   0  10 

6;o  5 

6,0  5 
6  0  5 
O'O  10 


1 

7 

1 

0 

2 

8 

0 

4 

0 

4 

0 

4 

0 

8 

1   12    4 

1     1  10 

0  12  11 
0  6  7 
0  6  1 
0  6  1 
0  12  11 


Deduct  ^  of  Original 

Ten  Tons  1 

30.  Potatoes  . 

31.  Carrots    . 

32.  Parsnips  . 

33.  Mangel  wurzels 

34.  Swedish  tamips  1 

35.  Yellow  turnips     1 
6.  White  tamips .    1 


1  12 
1  2 
1  8 
1  7 
5 
1 
2 


Manure-value  the  Last  Year,  and  ^  from  Year  to  Year 


7  3    4  10   3  3,2 

5  0    3     4   2  3    1 

6  3    4    2   2  9    1 
6  14     12  91 

5  9  1  3  10   2  7    1 
4  10  I  3     3  '  2  2   1 

6  0  |3    4   2  3    1 


6 

0  16  3 

0  10  10 

6 

0  11  3 

0  7  6 

4 

0  14  2 

0  9  5 

6 

0  13  9 

0  9  2 

lOlO  12  11 

0  8  7 

8|0  10  10 

0  7  3 

6 

p  11  3 

0  7  6 

2 

1  5 

0  11 

6 

1  0 

0  8 

10 

1  3 

0  10 

10 

1  3 

0  10 

9 

1  2 

0  9 

6 

0  11 

0  7 

6 

1  0 

0  8 

2 

6  11 

1 

12 

6 

2 

0 

8 

1 

19 

9 

1  17 

4 

1 

11 

3 

1 

12 

6 
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Tabls  VII. — Estimates  of  tJie  Compensation-value  of  tlie  Unexhausted  Manures 
when  Foods  are  consttmed  for  the  Production  of  Mil k^  starting  fi*ain  the  Total  or 
Original  Manure-value. 

4.  Assaming  a  yield  of  12  quarls  of  miik  per  head  per  day. 


Foods 


'  Total  or 
\   original 
manure- 
value, 
I  dcilncting 
I    consti- 
tucnts In 
milk  only* 


Compensation-value  of  unexhausted  manures 


Last 
year 


Second 
year 


Tliird  ; Fourth,  Fifth    Sixth 
year    j  year  '   year      iear 


SVnthKijfhth 
year      ymr 


Total 


Deduct  J  of  Okiqinal  Mantjbe-value  the  Last  Yeab,  and  ^  from  Year  to  Year 


One  Ton 

1.  Linseed    . 

2.  Linseed  cake  . 
.,  J  Decorticated  y 
' '  I  cotton  cake  * 
4.  Palm-nnt  cake 


£ 
1 
2 


7 
1 


u 


-   f  Undecortic't'd 
\     cotton  cake 
fi.  Coooa-DQt  cake 
7.  Rape  cake 


8.  Peas 

9.  ISeans      • 

10.  Lentils 

11.  Tares  (seed) 


3    6 

iO  17 

[ll  17 

1  12 

2  10 


d 
1 
9 

4 

9 

G 

3 
4 


1  7 
1  13 
1  12 
I  12 


8 
1 
2 
6 


13^1 


12.  Indian  corn  .  ^0    8    1 

'heat      .  .    0  10    5 

[alt        .  .090 

15.  Barley      .  .088 

16.  Oats         .  .    0  11     7 

17.  Rice  meal  .  '  0  10    5 

18.  Locast  beans  .         — 


19.  Halt  coombs    .     1  18  11 

20.  Fine  pollard     .     1     6  11 

21.  Coarse  pollard      1  10    5 


22.  Bran 


•  I 


1  11     8 


£     t.     d.£ 

0  13     7   0     9     1 

1  0  11    0  13  11 


I  12  8 
0  8  11 
0  18     9 

0  16    2 

1  5    2 


«.     d.    i,  d. 

6  1 

9  3 

14  6 

3  11 

8  4 


1  1  9 
0  6  11 
0  12    6 


f.    d.    *. 
4     1    2 
4 


.t.    d.    s.    d.  I  t.    d. 


0  10 
0  16 


9 
9 


0  13  10  0  9  3 
0  16  7  0  11  1 
0  16  1  0  10  9 
0  10     3.0  10  10 


0  4     1,029 

0  5     3   0    3     6 

0  4    6   0    3    0 

0  4     4i0     2  11 

0  5  10   0     3  11 

0  5     3   0     3     6 


0  19  6 
0  13  6 
0  15     8 


0  13  0 
0  9  0 
0  10    2 


0  15  10   0  10     7 


7 
11 


2 
2 


6 

7 

7 
7 


2 
5 
2 
3 


6 
9 
2 
5 

4 

7 


2 

8 
7 
7 


Q 


9    1  10    1     3 
2     9    1  10 


6 
1 
3 


1 

5    4 
9    1 


9   2 


3|2  10 
2*0  9 
6    1 


1  10 

2  4 
2    0 

1  11 

2  7 
2     4 


4  1 
4  11 
4  9 
4  10 


1 

1 
1 
1 


3 

7 
4 
3 


8  8 

6  0 

6  9 

7  1 


1     9 

1     7 


6  9 

4  0 

4  6 

4  9 


3  2 

4  11 

2  9 

3  3 
3  2 
3  3 


2 

3 


1    1 
3    2 


0  10 

1  3 

1  11 

0  6 

1  1 

0  11 

1  5 


1  10 

2  2 
2  1 
2    2 


0  10   0 

1  I'O 

0  11    0 

0  lolo 

1  2 
1     1 


0 
0 


7 
9 

7 
7 
9 
9 


1 
1 
1 
1 


8 

5 

2 

3  0  10 
5!0  11 
510  11 
6   0  11 


0 
0 
0 
0 
0 
0 


5  0 
60 
5j0 
5;0 

6  0 
6'0 


3 
4 
3 
3 
4 
4 


3  10   2 

2  8'1 

3  0   2 
3    2i2 


7  1 
9  1 
Oil 
ill 


9,12 
20  9 
4fO  11 
5   0  11 


£ 
I 
3 

4 

1 

2 

2 
3 


s.     d. 

19     6 

0    2 


14 

5 

14 

6 
12 


0 

6 

2 

5 
3 


2 
2 
2 
2 


0  0 
7  9 
6  4 
6  11 


0  12  0 

0  15  4 

0  13  0 

0  12  6 

0  16  10 

0  15  4 


2  16  3 

1  18  10 

2  3  11 
2    5  10 


Dbduct  \  09  Original  Manure-value  the  Last  Year,  and  i  from  Year  to  Year 

One  Ton  ! 

23.  Caover  hay       .il     2    8077061 

24.  Meadow  hay    .    0  14    5   0    4  10  0    3  10 


25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


j  I  2  8 

0  14  5 

0  8  5 

10  4  0 

0  3  0 

0  3  9 

iO  8  7 


0 

7  7 

0 

A   10 

0 

2  10 

0 

1  4 

0 

1  2 

0 

1  3 

0 

2  10 

4  10    3  10 '  3     12     6 
3     1  ;2     6   2    0,1     7 


0    2    3 '  1  10  ,  1     6    1     2   0  11 


0  1     1 

0  0  11 

0  10 

0  2     3 


0  10  0  8,0  60  5 
0  9  0  7i0  6  0  5 
0  10,0    8'0     60    5 


2    0 
1     3 


0  9   0 

0  4,0 

0  4I0 

0  4io 


110    1     61     20  110    90 


7 
0 

I  11  6 
1  0  1 

7 
3 
3 
3 
7 

0  11  10 
0  5  5 
0  4  11 
0  5  3 
0  11  10 

I  10  10 
1  0  10 
6    8 


1     8 


0  15    5   0  10    3 

0  10    5   0  6  11 

0  13    40  8  11 

0  12  ii;o  8    7 

0  12     I'O  8     1 

0  10    5   0  6  11  !  4    7 

0  10  10   0  7     3 !  4  10 


6  10    4    7   3     1 1 2 


Deduct  \  of  Original  Manure- value  the  Last  Year,  and  ^  from  Year  to  Year 

Ten  Tons 

30.  Potatoes  . 

31.  Carrots    . 

32.  Parsnips  .    1 

33.  Mangel  wnrzels  ;  1    5  10 

34.  Swedish  turnips   14    2 

35.  Yellow  tamips     1    0  10 

36.  Whit6  turnips  .  1 1 


i^^^maamaasi 


•~-      ...  -  -  V 


4  7    3     1 

5  11  .3  11 
5  9  1 3  10 
5    5    3    7   2 

3     1I2 


2 
2 

2     7 
5 


I'l 
7    1 
1 
1 
11 


1  1  5,0  11 
5  0  11  10  7 
9j  1  20  9 
9  1  2,0  9 
711  1 io  9 
5  0  11   0    7 


3    3   2    2   1     5   0  UiO    7 


bii. 


-■•-■'- 


1. 


2  4 

7 

1  10 

0 

1  18 

4 

1  17 

4 

1  15 

0 

1  10 

0 

1  11 

3 

-It 

» 
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Tablb  VIII. — Estimates  of  the  CompenscUion-value  of  the  Unexhausted  Mawires 
when  Foods  are  consumed  for  the  Prodiiclion  of  Milky  starting  fro%n  the  Tottd 
or  Original  Jfanure-vcUue, 

5.  AssaminfT  a  yield  of  14  quarts  of  milk  per  head  per  day. 


Foodd 


Total  or 
original 
manure- 
value, 
(lodnc  .ing 
consti- 
tuents in 
milk  only 


Gompenaatlon-ralae  of  unexhausted  manures 


Last 
year 


Second 
year 


Third    Fourth   Fifth 


year 


year  ,   year 


Sixth 
year 


S'v'nth  Eighth 
year  \  year 


Total 


DkDUCT  J-   OF   ORIGINAL    M\NU«E-VALUE  THR    LAST    VbaR,   AND  ^   FROM    YrAK  TO    VeaB 


One  Ton 

£ 

s. 

d. 

£    «. 

a. 

£    .. 

(i. 

i  s. 

ti. 

$. 

(f. 

s. 

d 

s. 

d. 

«. 

</. 

*. 

d. 

£    s.     ti. 

1.  Lmseed   . 

1 

4 

5 

0  12 

3 

0     8 

2|  5 

5 

3 

7 

2 

6,  I 

7 

I 

1 

0 

9 

1    15     3 

2.  Liuseed  cake   . 

1 

19 

8 

0  19 

10 

0  13 

3    8 

10 

5 

11 

3 

11    2 

7 

1 

i« 

I 

2 

2  17     3 

a  ( Decorticated    \ 
\     cotton  cake  i 

.3 

3 

4 

I  11 

8 

I     1 

1;14 

1 

1 

9 

6 

6 

3 

4 

2 

2 

9 

I 

10 

4  11     3 

4.  Pftlm-nnt  cake 

0  16 

11 

0    8 

0 

0    5 

4!  3 

7 

2 

5 

I 

7    I 

1 

0 

9 

0 

6 

1    3     3 

^  f  Undecortic'tVi 
1     cotton  cake 

1 

15 

11 

0  18 

0 

0  12 

ojs 

0 

6 

4 

3 

712 

6 

1 

7 

1 

1 

2  12     0 

G.  Ck>coa-nnt  cake 

1 

10 

C 

0  15 

3 

0  10 

2 

6 

9 

4 

6 

3 

0|2 

0 

1 

4 

0  11 

2    3  11 

7.  Rape  cake 

2 

9 

1 

1     4 

7 

0  16 

6 

10 
5 

11 
9 

7 

3 

4 

2 

10   3 

3 
9 

2 

I 

2 
2 

I 

6 

3  10  10 

8.  Peas 

1 

5 

9 

0  12 

11    0    8 

7 

3 

10 

7 

1 

0 

9 

1  17     4 

9.  Beans 

1 

11 

4 

0  15 

8   0  10 

6 

6 

11 

4 

7 

3 

1    2 

1 

I 

6 

0  111 

2    6     1 

10.  Lentils     . 

1 

10 

1 

0  16 

1^ 

0  10 

1 

6 

9 

4 

6 

3 

0   2 

0 

I 

4 

0 

11 

2    3     S 

1 1.  Tares  (seed)    . 

1 

10 

7 

0  15 

4 

0  10 

3 

6 

10 

4 
0 

7 
11 

3 

1 

3 

1 

1 

5 
3 

0 
0 

11 
2 

2    4     6 

12.  Indian  com     . 

0 

6 

6 

0    3 

3 

0    2 

2 

1 

6 

0 

7 

0 

5.0 

0    9     8 

13.  Wheat     . 

0 

8 

8 

0    4 

4 

0    2 

11 

1 

11 

1 

3 

0 

10 

0 

7|0 

6 

0 

3 

0  12     1 

14.  Malt 

0 

7 

1 

0    3 

7 

0    2 

6 

1 

7 

1 

1 

0 

9 

0 

6i0 

4 

0 

3 

0  10*« 

16.  Barley     . 

0 

6 

11 

0    3 

6 

0    2 

4 

1 

7 

1 

1 

0 

9 

0 

6   0 

4 

0 

3 

0  10    4 

16.  Oats 

0 

9 

10 

0    4 

11 

0    3 

3 

2 

2 

I 

5 

0 

11 

0 

7   0 

6 

0 

3 

0  13  It 

17.  Bice  meal 

0 

8 

7 

0    4 

4 

0    2 

11 

1 

11 

1 

3 

0 

10 

0 

7 

0 

6 

0 

3 

0  12     « 

18.  Locast  beans   . 

— 

— 

— 

— 

5 

6 

3 

- 

- 

5! 

- 

1 

1 

— 

19.  Malt  coombs   . 

1 

17 

4 

0  18 

810  12 

6 

8 

8 

8   2 

1 

7 

2  13     7 
1  16     t 

20.  Fine  pollard    . 

1 

5 

3 

0  12 

8!0    8 

6 

6 

7 

3 

9 

2 

6    I 

81 

1 

0 

9 

21.  Coarse  pollard 

1 

8 

9 

0  14 

610    9 

7 

6 

6 

4 

3 

2 

lOil 

11    1 

3 

0 

10 

2     3    ft 

22.  Bran 

1 

10 

3 

0  16 

2   0  10 

1 

1 

6 

9    4 

6 

3 

0'2 

1 

']' 

4 

0 

11 

Deduct  |  of  Original  Manure- value:  the  Last  Year,  and  ^  fbom  Veab  to  Ybab 


One  Ton 

23.  Clover  hay 

24.  Meadow  hay 

25.  Pea  straw 

26.  Oat  straw 

27.  Wheat  straw 

28.  Barley  straw 

29.  Bean  straw 


1     1     8 

0 

7 

3 

0 

5  10 

4    8 

0  13     7 

0 

4 

6 

0 

3     7 

2  10 

0     7    8 

0 

2 

7 

0 

2     1 

1     8 

0    3    3 

0 

1 

1 

0 

0  10 

0    8 

0    3    0 

0 

1 

0 

0 

0  10 

0    8 

0    3     2 

0 

1 

1 

0 

0  10 

0    8 

0    8    0 

0 

2 

8 

0 

2    2 

1     9 

3  10   3     1 
2     3  , 1  10 


1 
0 
0 
0 
1 


41 
60 
6  0 
6  0 
5    1 


2 

6 

1 

6 

0 

10 

0 

4 

|0 

4 

2    0   17 
1    2   0  11 


1 

6 

6 

6|0    4 

2  10  11 


0 
0 
0 
0 
0 


8  0 
3  0 
3;0 
3   0 

9  0 


6 
2 
2 
2 
7 


1  10 

9 

0  18 

T 

0  10 

9 

0     4 

a 

0     4 

ft 

0    4 

3 

)  11 

i 

0  14    70    9    9 


0    9    7   0  6  5 

0  12  11|0  8  7 

0  12     1,0  8  1 

0  11     3   0  7  6 

0  10    0   0  6  8 


0  10    0 


0    6     8 


6 

6 

4 

3 

5 

9 

6 

6 

6 

0 

4 

5 

4 

5 

4     4 


2  11 


2  10    1  11 

3  10  I  2    7 


1  11    1     3   0  10 


Deduct  j  of  Original  Manubr-value  the  Last  Year,  and  ^  from  YiiAii^TOji''E.iB 

Ten  Tons 

30.  Potatoes  . 

31.  Carrots    . 

32.  Parsnips  . 

33.  Mangel  worzels 

34.  Swedishtnmips 

35.  Yellow  turnips 
'6.  White  tamips . 


1 

9 

2 

0 

19 

2 

5 

10 

4 

2 

2 

6 

0 

0 

0 

0 

1 
1 


3  7 
3  4 
2  11 


2 

2     3 
1  11 


6!l 


2  1111  11 


1 
1 
1 


3 
9 
7 
6 
8 
3 


0  10.0 

1  2  0 
1  l|0 
1  OjO 
0  lO'O 
0  10!0 


7 
9 
9 
8 
7 
7 


2    2 

I  7 
1  17 
1  15 
1  12 
1  8 
1     8 


1 

4 
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for  washing,  and  it  may  be  that  a  good  deal  of  the  manure  is 
washed  into  drains  and  lost.  In  the  event,  therefore,  of  a  claim 
for  compensation,  the  management  and  disposal  of  the  manure 
requires  the  attention  of  the  valuer.  Indeed,  the  varying  cir- 
cumstances that  will  arise  in  practice  must  be  carefully  con- 
sidered. Bearing  these  in  mind,  the  estimates  may  be  accepted 
as  at  any  rate  the  best  approximation  to  the  truth  that  existing 
knowledge  enables  us  to  provide ;  and  they  will,  we  hope,  be 
found  suflScient  for  the  requirements  of  practical  use.  Obviously, 
they  will  be  more  directly  applicable  in  the  case  of  cows  feeding 
entirely  on  the  foods  enumerated  in  the  list,  and  not  depending 
largely  on  grass ;  but  even  when  the  animals  are  partially  grass- 
fed,  the  value  of  the  manure  derived  from  the  additional  dry  food, 
or  roots,  may  be  estimated  according  to  the  scale  given. 

For  any  further  particulars  relating  to  the  general  question 
of  the  valuation  of  the  manures  obtained  by  the  consumption  of 
foodnstuffs,  we  must  refer  to  the  full  discussion  of  the  subject 
in  our  paper  in  the  last  number  of  the  Journal. 

John  Bennet  Lawes. 

Rothamsted.  j^  jj^j^Y  GILBERT. 
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Introduction. 

Neably  thirty  years  ago,  Mr.  James  Dnncan  established  a 
sngar  fiictory  at  Lavenham  in  Saffolk,  and  made  arrangements 
with  farmers  in  the  locality  to  grow  sugar-beet,  for  which  he 
was  to  pay  them  about  205.  per  ton,  delivered  to  the  factory. 
We  believe  that  Mr.  Dancan  commenced  operations  in  1869, 
and  closed  his  £eu^ry  in  1873.  From  results  kindly  furnished 
to  us  by  Messrs.  Newlands  Brothers,  it  would  appear  that  there 
was  considerable  advance  from  year  to  year  in  the  quality  of 
the  roots  grown.  Thus,  the  analyses  of  numerous  lots  in  1869 
showed  an  average  of  8-39  per  cent,  of  sugar ;  of  several  lots  in 
1870  of  9-19  per  cent. ;  of  five  lots  in  1871  of  1059  per  cent. ; 
and  of  twelve  lots  in  1872,  an  average  of  11-84  percent,  of 
sugar  in  the  roots.  It  may  be  added  that  among  the  twelvo 
lots  analysed  in  1872,  the  lowest  percentage  was  8*27,  and  the 
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highest  15*15 ;  whilst  four  gave  over  13,  two  between  12  and 
13,  and  two  between  11  and  12  per  cent. 

Varions  local  difficalties  have  been  alleged  as  contribnting 
to  Mr.  Duncan's  want  of  success  in  his  endeavours  to  establish 
the  growth  of  sugar-beet,  and  the  manufacture  of  sugar  from  it, 
at  Lavenham ;  but  one,  if  true,  seems  quite  sufficient  to  acconnt 
for  the  result,  and  it  should  be  very  carefully  considered,  and 
taken  as  a  serious  warning,  in  any  future  undertakings  of  the 
kind.  It  is  said  that  with  a  requirement  of  at  least  30,000 
tons  of  roots  to  work  his  factory  profitably,  Mr.  Duncan  finally 
could  only  obtain  about  7,000  tons.  The  fact  appears  to  be, 
that  the  farmers  did  not  sufficiently  modify  their  rotations  to 
secure  an  adequate  supply  of  roots ;  and  even  in  some  cases 
they  used  for  feeding  purposes  what  they  had  grown,  if  other 
feed  was  scarce. 

The  question  of  the  suitability  of  our  climate  for  the  pro- 
duction of  the  crop  for  the  purposes  of  the  manu&cture,  and 
also  that  of  the  efiects  of  difierent  manures  on  the  growth  of 
the  crop  and  on  its  richness  in  sugar,  led  us  to  undertake  some 
experiments  at  Bothamsted  on  the  subject.  As  will  be  ex- 
plained more  in  detail  further  on,  the  experim^its  were 
commenced  in  1871  and  continued  for  five  years.  In  the 
autumn  of  1871,  one  of  us  who  had  previously  visited  Mr. 
Duncan  at  Lavenham,  went  there  to  learn  what  progress  had 
been  made,  and  was  kindly  guided  and  supplied  with  much 
information  by  Mr.  William  Biddell.  From  Lavenham  he  went 
on  to  visit  some  of  the  chief  sugar-beet  districts  in  Germany, 
Austria,  France,  Belgiam,  and  Holland;  and  continued  the 
inquiry  in  the  autumn  of  1872.  Full  notes  were  taken,  and  a 
full  report  was  written,  embodying  the  information  acquired ; 
but,  owing  to  the  unfortunate  collapse  of  Mr.  Duncan's  most 
laudable  enterprise  at  Lavenham,  the  report  was  never  pub- 
lished ;  and,  for  the  same  reason,  the  results  of  the  Bothamsted 
experiments  on  the  growth  of  sugar-beet  by  difierent  manuree, 
and  over  several  seasons,  attracted  veiy  little  attention. 
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DnriBg  the  last  few  years,  howeyer,  the  subject  of  the 
growth  of  sugar-beet,  and  the  establishment  of  factories  for 
tiie  manufacture  of  sugar  from  it,  in  this  country,  has  been  very 
much  discussed ;  and  we  have  been  requested  to  write  a  paper 
on  the  present  position  of  the  question.  At  first  sight,  it 
certainly  seems  somewhat  remarkable,  that  with  a  price  in  our 
markets  of  raw  beetroot  sugar  (of  88*0  per  cent,  purity),  of 
about  23i.  10a.  per  ton  in  1870,  of  about  25Z,  in  1873,  and  of 
about  24Z.  in  1874,  Mr.  Duncan's  attempt  to  introduce  the  crop 
and  the  manufacture  into  the  country  failed,  and  yet  at  the 
present  time,  with  the  price  of  sugar  only  about  9L  per  ton, 
very  sanguine  expectations  of  the  success  of  such  an  enterprise 
are  put  forward,  and  the  scheme  is  strongly  advocated  as  a 
means  of  resuscitating  agricidtural  prosperity. 

Our  own  early  experiments  were  not  arranged  with  a  view 
to  affording  exact  models  for  adoption  in  the  growth  of  the  crop 
for  sugar-making,  but  were  conducted  much  on  the  lines  of  our 
other  experiments  on  root-crops.  The  results  do,  however,  as 
will  be  seen,  supply  much  valuable  information  on  the  effects  of 
different  manures  on  the  quantity  and  on  the  composition  of 
the  crop,  and  so  afford  important  data  as  to  its  manurial  re- 
quirements. For  direct  application  to  practice  in  the  growth 
of  the  crop  for  sugar-making,  the  amounts  of  nitrogenous 
manures  used  were  too  large,  and  the  distances  apart  from 
plant  to  plant  were  too  great ;  conditions  leading  to  over- 
luxuriance  and  to  imperfect  maturing  of  the  individual  plants. 
We  have,  however,  undertaken  some  experiments  on  a  limited 
area  in  the  present  season ;  arranged  more  with  the  view  of 
obtaining  both  fair  luxuriance  and  at  the  same  time  adequate 
ripening,  so  as  to  ensure  high  percentage  of  sugar;  and 
specially  with  a  view  to  the  latter  point,  we  have  obtained  from 
Messrs.  Vilmorin  &  Co.,  of  Paris,  seed  of  the  most  approved 
description  at  the  present  time. 

The  Rothamsted  Experiments  on  Sugar-beet  in  1871-5. 

The  experiments  made  at  Rothamsted  with  sugar-beet  were 
commenced  in  1871,  and  continued  for  five  years  in  succession 
to  1875  inclusive.  They  were  conducted  on  the  land  which  had 
been  devoted  to  the  continuous  growth  of  root-crops  (Norfolk 
Whites  and  Swedish  turnips),  from  1843  to  1870  ;  excepting 
that  in  the  three  years  1853-5  barley  was  grown  without 
manure  to  equalise  the  condition  of  the  plots  as  far  as  possible 
before  re-arranging  them  and  the  manuring. 

During  the  first  three  of  the  five  years  of  sugar-beet  the 
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arrangement  of  the  plots  and  of  the  manures  was  substantially 
the  same  as  during  the  preceding  ten  years  with  Swedish  tur- 
nips, and  the  subsequent  years  with  mangel-wurzel.  But 
during  the  last  two  years  of  the  five,  neither  &rmyard  nor  any 
other  nitrogenous  manure  was  applied ;  the  object  being  to 
determine  the  effects  of  the  unexhausted  residue  of  the  nitro- 
genous applications  during  the  preceding  three  years.  The  d^ 
scription  of  sugar-beet  grown  was  Vilmorin's  "  Green-top  White 
Silesian."  In  1871,  the  seed  was  dibbled  on  ridges  in  rows  26 
inches  apart,  and  10  inches  from  plant  to  plant  in  the  rows ;  in 
1872  and  subsequently  it  was  dibbled  on  the  flat,  in  rows  22^ 
inches  apart,  and  11  inches  apart  in  the  rows ;  the  plants  being 
moulded  up  afterwards.  The  roots  were  all  carted  off,  and 
weighed ;  the  leaves  weighed,  spread  on  the  respective  plots,  and 
ploughed  in. 

Table  I.  (p.  7)  shows,  for  selected  plots,  the  manuring, 
the  average  produce  over  the  three  years,  of  root  and  of  leaf,  the 
average  percentages  of  nitrogen,  and  of  mineral  matter,  in  the 
dry  matter  of  the  roots,  and  the  average  percentages,  and 
amomits  per  acre,  of  sugar  in  the  roots  over  the  .  three  years, 
1871-3,  during  which  the  farmyard  manure  and  the  nitrogenous 
cross-dressings  were  aimually  applied. 

It  will  be  seen  that  the  nitrogenous  cross-dressings,  which 
were  the  same  as  those  before  and  subsequently  adopted  for 
feeding  roots,  were  very  heavy ;  indeed,  much  heavier  than  is 
recognised  aa  suitable  in  the  case  of  beet  grown  for  the  pro- 
duction of  sugar.  The  result  was  that  when  these  were  used 
in  addition  to  farmyard  manure,  the  produce  of  roots  per  acre 
was  large,  in  some  cases  about  twice  as  much  as  that  obtained 
in  the  growth  of  sugar-beet  for  the  manufacture  of  sugar  in 
Germany  or  France  at  the  present  time.  The  farmyard  manure 
alone  gave  an  average  over  the  three  years  of  16  tons  6  cwt.  of 
roots ;  and  the  amount  was  raised  to  23  tons  16  cwt.  by  the 
addition  of  550  lb.  nitrate  of  soda,  containing  86  lb.  of  nitrogen ; 
to  22  tons  6  cwt.  by  400  lb.  salts  of  ammonia,  supplying  86  lb, 
of  nitrogen ;  to  24  tons  18  cwt.  by  2,000  lb.  of  rape-cake,  con- 
taining 98  lb.  of  nitrogen ;  and  to  25  tons  2  cwt.  by  rape-cake 
and  salts  of  ammonia  together,  supplying  annually  184  lb.  of 
nitrogen. 

The  Table  (p.  7)  shows,  however,  that  the  amount  of  sugar 
in  the  roots  in  nei^er  case  reached  12  per  cent. ;  but  it  was 
the  highest,  11*84,  with  the  farmyard  manure  alone  and  the 
smallest  crop,  and  the  lowest,  9*99  per  cent.,  with  the  farm- 
yard manure  and  the  heaviest  nitrogenous  cross-dressing,  and 
the  heaviest  crop.    The  roots  of  the  other  series,  with  inter- 


Tablb  I. — Sliotving  the  Quantity  and  Composition  of  the  Produce 
of  Sugar-heety  with  Different  Deacriptiona  amd  Amounts  of  Manure. 


Plot 


Standud  manorct 


Series  1. 

Standard 

mannres 

only 


Standard  manures  and  oxoss-dresslnga 
each  year  as  under 


Series  8. 
6ft01b. 
nitrate 
of  soda 
b86  lb. 
nitrogen 


Series  8. 

4001b. 

salts  of 

ammonia 

=86  lb. 

nitrogen 


Series  4. 

4001b. 

salts  of 

ammonia 

A  3,000  lb. 

rape-cake 

=184  lb. 

nitrogen 


Series  5. 
S^OOO  lb. 
rape-cake 

=98  lb. 
nitrogen 


Pboducb  of 

Roots 

PBB  ACBE. 

1 

14  tons  farmyaid  xnannre    • 

Sapexphoephate  •       •       • 
Saperphosphate  and  potash 

tonsowt. 
16    6 

tonsowt. 
28  16 

tonscwt. 
22     6 

tonsowt. 
26    2 

tonsowt. 
24  18 

5 

4^c6 

5  18 

6  18 

19  11 
18  17 

13  9 

14  19 

17  16 
22    3 

16  6 

17  17 

Pboducb  of  Lbaf  pbb  Acbb. 

1 

14  tons  farmjard  manure    . 

Saperphosphate   . 
Superphosphate  and  potash 

4    6 

8    9 

8    1 

9  12 

6    8 

5 

4&6 

1    9 

1     7 

6    4 
6    2 

4  10 
3  10 

9     1 
7  16 

4    3 
3  13 

NiTBOGEN  PBB  CENT.  IN  THB  DBY   MATTBR  OF  THE  ROOTS. 


14  tons  farmyard  manure '  • 

6      Saperphosphate   . 
4&6   Saperphoephate  and  potash 


percent. 
0-83 

percent. 
1-24 

percent. 
1-31 

percent. 
1-74 

1-55 
1-27 

0-68 
0-68 

0-96 
0-96 

1-00 
0-84 

per  cent. 
1-24 


0-88 
0-82 


Mineral  Matter  (Ash)  pbb  Cent,  in  the  Dry  Matter  of  the  Roots. 


1 

14  tons  farmyaid  manure    . 

Superphosphate  . 
Saperphosphate  and  potash 

4-96 

6-92 

5-74 

6-37 

6-42 

5 
4&6 

3-85 
411 

6-08 
613 

3-97 
4-76 

6-33 
6-69 

3-90 
4-64 

SuQAB  PEB  Gent,  in 

THE  Roots. 

1 

14  tons  farmyard  manare    . 

Saperphosphate   . 
Saperphosphate  and  potash 

11-84 

10-42 

10-84 

9-99 

10-81 

5 
4&6 

13-08 
12-97 

10-66 
11-04 

11-88 
12-16 

9-89 
10-66 

1217 
1207 

Sugar  per  Acre  in  the  Roots. 


5 
4&6 


14  tons  farmyard  manare    . 

Saperphosphate   . 
Saperphosphate  and  potash 


lb. 
4,309 

lb. 
6,608 

lb. 
6,413 

lb. 
6,630 

1.731 
1,704 

4,661 
4,636 

3,563 
4,063 

3,886 
6,279 

lb. 
6,976 

4,407 
4,788 


INCRBASB  OF  SUGAB  PEB  ACBB  BY  NiTBOGBNOUS  CbOSS-DBESSINGS. 


1 

14  tons  farmyard  manare    . 

Saperphosphate  . 
Saperphosphate  and  potash 

— 

1,199 

1,104 

1,321 

1.667 

6 
4|t6 

— 

2,930 
2,931 

1,832 
2,369 

2,156 
3,676 

2,676 
8,084 

*  The  peroentagea  of  nitzogen  given  in  this  line  relate  to  the  crops  of  1871  only. 
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mediate  amounts  of  crop,  had  also  intermediate  percentages  of 
sngar — namely,  10*42,  10-84,  and  10*81.  Further,  the  crop 
with  the  farmyard  manure  alone,  and  the  highest  percentage  of 
sugar  in  the  roots,  had  the  smallest  amount  and  proportion  of 
let^,  and  the  smallest  percentages  of  both  nitrogen  and  minend 
matter  in  the  dry  matter  of  the  roots ;  whilst  the  crop  yielding 
the  highest  produce  of  root,  and  the  lowest  percentage  of  sugar 
in  the  roots,  had  the  highest  proportion  and  amount  of  leaf 
(9  tons  1 2  cwt.  per  acre),  and  the  highest  percentages  of  nitrogen 
and  of  mineral  matter  in  the  roots,  conditions  indicating  imma- 
turity.   To  these  points  we  shall  recur  again  presently. 

The  results  next  recorded  in  the  Table  show  the  amounts  of 
produce,  roots  and  leaves,  obtained  with  artificial  mineral 
manures,  both  when  used  alone  and  with  the  nitrogenous  cross- 
dressings  as  before  described.  The  Table  further  shows,  the 
percentages  of  nitrogen  and  of  mineral  matter  (ash)  in  the  dry 
matter  of  the  roots;  also  the  percentages,  and  ^e  amounts 
per  acre,  of  sugar  in  the  roots.  It  will  be  seen  that  the- 
mineral  manure  used  on  plot  5  was  superphosphate  alone  ^ 
and  on  plots  4  and  6  superphosphate  with  potash  in  addi- 
tion (plot  4  haying  soda  and  magnesia  also).  The  average 
produce  of  roots  with  either  of  these  mineral  manures  used 
alone,  was  5  tons  18  cwt.  per  acre;  which  was  increased 
to  10  tons  11  cwt.  and  to  18  tons  17  cwt.  by  nitrate  of  soda 
=  86  lb.  nitrogen;  to  18  tons  9  cwt.  and  to  14  tons  19  cwt. 
by  salts  of  ammonia =86  lb.  nitrogen ;  to  16  tons  5  cwt.  and 
to  17  tons  17  cwt.  by  rape-cake 2=  98  lb.  nitrogen;  and  to 
17  tons  15  cwt.  and  22  tons  3  cwt.  by  salts  of  ammonia  and 
rape-cake,  together  containing  the  excessive  amount  of  184  lb» 
of  nitrogen.  The  figures  further  show  that  there  was  a  greater 
produce  of  root,  though  not  of  leaf,  in  the  case  of  three  out  of 
the  four  cross-dressings  where  potsuah  was  used  as  well  as  super- 
phosphate; and  that  there  was  not  more  with  than  without 
potash  where  nitrate  was  used,  is  most  probably  explained  by 
the  fact  that  the  nitrate  distributes  rapidly  in  the  soil,  en- 
couraging a  greater  distribution  of  the  roots,  by  which  the 
plants  acquire  a  greater  command  of  the  potash  of  the  soil  and 
subsoil.  The  result  with  the  potash  is  fully  established  in  other 
experiments ;  namely,  that  a  liberal  supply  of  it  tends  to  root- 
formation  and  maturation,  conditions  favourable  for  the  pro- 
duction of  sugar. 

The  percentage  of  sugar  in  the  roots  is,  with  one  exception,- 
considerably  higher  where  the  mineral  manures  were  used  than 
where  farmyard  manure  was  employed,  whether  alone  or  with 
the  cross-dressings.    With  the  mineral  manures  used  alone> 
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and  less  than  6  tons  of  roots  produced,  there  was  in  one  case 
rather  over,  and  in  the  other  very  nearly,  13  per  cent,  of  sugar 
in  the  roots ;  and  in  several  other  cases  there  was  nearly,  or 
over,  12  per  cent.  As  in  the  case  when  farmyard  manure  was 
used,  so  now  with  the  mineral  manures,  the  lowest  percentage 
of  sugar  in  the  roots  was  where  the  very  excessive  cross-dressing 
of  184  lb.  of  nitrogen  was  employed ;  and  the  amount  and 
proportion  of  leaf  to  root  at  the  time  of  taking  up  the  crop  was 
very  large,  showing  that  the  produce  was  immature.  In  order 
of  lowness  of  sugar  per  cent,  in  the  roots  of  the  other  crops, 
came  those  with  the  cross-dressing  of  nitrate  of  soda,  yielding 
large  amounts  of  leaf;  whilst  the  roots  grown  with  the  cross- 
dressings  of  salts  of  ammonia,  or  of  rape-cake,  showed,  with 
somewhat  smaller  crops  of  both  root  and  leaf,  the  highest 
percentages  of  sugar.  It  is  perfectly  consistent  with  these 
results  as  to  the  percentage  of  sugar  in  the  roots,  that  in  the 
case  of  plots  4  and  6,  the  percentages  of  nitrogen  and  of  mineral 
matter  in  the  roots  were  the  lowest  with  the  mineral  manure 
alone  and  the  highest  percentage  of  sugar,  and  the  highest  with 
the  excessive  nitrogenous  cross-dressing  and  the  lowest  per 
cent,  of  sugar.  Next  in  order  both  as  to  highness  of  per  cent, 
of  both  nitrogen  and  mineral  matter,  and  lowness  of  per  cent,  of 
sugar,  came  the  roots  receiving  the  nitrate  as  a  cross-dressing ; 
and  the  roots  with  the  cross-dressing  of  ammonia  or  of  rape- 
cake,  especially  where  potash  was  supplied,  gave  the  lowest 
percentages  of  nitrogen  and  of  mineral  matter,  and  the  highest 
percentages  of  sugar,  among  the  crops  with  nitrogenous  cross^ 
dressings.  Lastly,  it  is  to  be  observed  that  with  the  nitrate, 
the  salts  of  ammonia,  and  the  salts  of  ammonia  and  rape-cake 
together,  the  percentage  of  sugar  was  distinctly  higher  with  than 
without  the  potash ;  whilst  where  rape-cake  alone  was  used  as  a 
cross-dressing  (the  rape-cake  containing  potash)  the  percentage 
of  sugar  is  nearly  the  same  without  and  with  potash  supplied. 

It  is  quite  evident  from  these  results,  that  the  amount  of 
crop  grown  depended  very  largely  upon  the  amount  of  nitrogen 
available  within  the  soil ;  but  that  with  crops  forced  beyond  a 
certain  moderate  limit  of  produce,  the  proportion  of  leaf  was 
.unduly  large,  the  percentages  of  nitrogen  and  of  mineral  matter 
in  the  root  relatively  high,  and  the  percentage  of  sugar  objec- 
tionably low ;  all  these  conditions  indicating  too  much  luxuriance 
and  defective  maturity  at  the  time  of  taking  up  the  crop. 

The  Table  (p.  7)  further  shows,  however,  that  the  amount  of 
sugar  2^^  ocre  also  much  depended  on  the  nitrogen  available 
within  the  soil .  Thus,  it  is  seen  that  when  farmyard  manure  was 
the  standard  manure,  notwithstanding  a  much  lower  percentage  of 
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Bugar  in  the  roots  with  nitrogenons  cross-dressings  in  addition, 
there  was  from  a  fourth  to  a  third  more  sugar  per  acre  with  the 
cross-dressings  than  without ;  and  when  mineral  manures  were 
used  as  the  standard  manures,  there  was  in  every  case  more 
than  twice,  and  in  some  nearly  or  quite  three  times,  as  much 
sugar  per  acre  with  as  without  the  nitrogenous  cross-dressings. 

The  bottom  division  of  the  table  shows  the  actual  increase  of 
BUgfvr  produced  over  that  obtained  without  nitrogenous  cross- 
dressing,  by  each  of  the  four  cross-dressings,  under  each  of  the 
three  conditions  as  to  standard  manure.  This  increase  of  sugar 
produced  was  very  much  less  for  a  given  amount  of  nitrogen 
supplied  in  the  cross-dressings  when  they  were  used  with  the 
farmyard  manure  than  with  either  of  the  mineral  manures. 
With  the  nitrate  the  increased  production  of  sugar  was  prac- 
tically identical  without  and  with  potash  in  the  standard 
manure ;  a  result,  as  already  referred  to,  most  probably  due  to 
the  great  solubility  and  rapid  distribution  of  the  nitrate  in  the 
soil,  leading  to  a  greater  root-development  in  the  lower  layers, 
thus  giving  the  plants  a  greater  command  of  the  available 
potash  of  the  subsoil,  and  so  far  rendering  them  less  dependent 
on  the  more  superficial  supplies  by  manure.  With  each  of  the 
other  three  cross-dressings  there  was,  however,  a  very  marked 
increased  production  of  sugar  with  potash  supply  compared  with 
that  without  it. 

So  much  for  the  average  results  obtained  over  three  years, 
in  our  experiments  on  sugar-beet  so  long  ago  as  1871,  1872, 
and  1873.  There  were  crops  of  less  than  6  tons  per  acre,  and  of 
more  than  25  tons.  The  percentage  of  sugar  in  the  roots  ranged 
from  over  13  to  under  10  per  cent.,  according  to  the  manuring, 
and  the  sugar  per  acre  in  the  roots  ranged  from  1,704  to  5,976 
lb.,  also  according  to  the  manuring. 

We  have  for  brevity  thus  given  only  the  average  results  for 
three  years,  instead  of  those  for  each  year  separately.  It  may 
be  stated,  however,  that  notwithstanding  the  accumulation 
within  the  soil  from  year  to  year  by  the  return  of  the  leaves  to 
the  land,  there  was,  with  the  higher  manures,  a  tendency  to 
reduction  in  produce  of  roots  per  acre  from  the  first  to  the  third 
year ;  and  coincidently  a  tendency  to  higher  percentages  of  sugar 
in  the  roots,  especially  comparing  the  second  and  third  with  the 
first  season.  This  result  is  more  probably  due  to  the  climatic 
characters  of  the  respective  seasons,  than  to  the  condition  of  the 
land  ;  but  it  would  occupy  too  much  space  to  attempt  to  connect 
the  differences  of  yield  and  composition  with  the  differences  of 
temperature  and  rainfall  in  the  three  seasons. 

With  the  foregoing  results  before  us,  it  will  be  of  interest  to 
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compare  or  contrast  them  with  those  obtained  in  some  of  the 
countries  where  sngar-beet  is  largely  grown,  and  sugar  is  largely 
manufactured  firom  it. 


The  Beetroot  Sugar  Industry  in  some  Countries  on  the 

Continent  of  Europe. 

When  travelling  to  iuspect  some  of  the  sugar-growing 
districts  of  Germany,  Austria,  France,  Belgium  and  Holland, 
in  1871  and  in  1872,  it  was  found  that  in  Germany,  where 
the   duty  was  paid  upon  the  weight  of  roots  submitted  to 
manufacture,  great  attention  was  paid  to  get  roots  of  high 
percentage  of   sugar  and  low  percentages    of    "  non-sugar" 
especially  of  nitrogenous  and  seiline   matters,  which  reduced 
the  amount  of  crystallisable  sugar   obtained  in  the  manu- 
facture.    It    is  strictly   in    accordance    with  the  results    of 
our  own  experiments  which  have  been  given,  that  roots  of  the 
desired  character  could  only  be  produced  by  restricting  the 
manuring,  and  by  other  methods  of  preventing  over  luxuriance, 
and  favouring  perfect  ripening  or  maturity ;  in  fact,  by  growing 
comparatively  small  roots  and  small  crops  per  acre.     Accord- 
ingly, strict  rules  were  issued  by  the   manufacturers  to  the 
growers,  for  the  manuring,  and  for  other  conditions  of  growth. 
One  of  these  was,  that  if  farmyard  manure  were  employed,  some 
other  crop,  of  feeding  roots  for  example,  should  be  taken  before 
a  crop  was  grown  for  sugar.     Then  the  use  of  nitrate  of  soda 
was  practically  prohibited,  though  a  small  dressing  of  sulphate 
of  ammonia  might  be  used.    The  roots  were  to  be  grown  at  a 
limited  distance  between  the  rows,  and  between  the  plants  in  the 
rows.     In  no  case  was  it  found  that  the  rows  were  more  than 
18  inches  apart,  and  in  some  cases  the  distance  from  plant  to 
plant  in  the  rows  was  as  little  as  8  to  9  inches,  and  seldom  more 
than  10  or  12.     In  this  way,  by  limitation  of  the  amount  of 
nitrogenous  manure,  and  growing  the  plants  close  together, 
over  luxuriance  was  avoided,  and  ripe    roots,  with  a  high 
percentage  of  sugar  and  low  amounts  of  nitrogenous  and  saline 
matters,  were  obtained.    The  average  amount  of  roots  sub- 
mitted to  manufacture,  and  chargeable  with  duty,  was  little 
more  than  11  tons  per  acre. 

In  France,  on  the  other  hand,  where  the  duty  was  then  paid, 
not  upon  the  roots,  but  on  the  manufactured  sugar,  and  where 
the  manufacturer  was  in  a  greater  degree  dependent  on  his 
neighbours  for  his  roots  than  was  the  case  in  Germany,  a  very 
opposite  system  had  grown  up.  In  the  North  of  France  at  that 
time,  the  produce  of  roots  per  acre  was  about  double  that  of 
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Germany.  Ab  a  role,  most  of  the  mannre  available  was  applied 
directly  to  the  beet  crops ;  the  other  crope  of  the  rotation  being 
grown  almost  without  direct  manure.  The  resalt  was,  that  the 
French  roots  were  much  larger  and  coarser,  contained  lower 
percentages  of  sugar,  and  higher  percentages  of  nitrogenous  and 
saline  matters,  than  the  German.  Under  these  circumstances, 
a  considerably  larger  quantity  of  roots  had  to  be  submitted  to 
manufacture  to  obtain  a  given  quantity  of  marketable  sagar,  and 
a  less  proportion  of  the  existing  sugar  was  obtained  in  that 
form.  Nevertheless,  the  French  system  undoubtedly  yielded 
more  sugar  from  a  given  area  of  land,  though  at  considerably 
more  cost  for  manufacture. 

Since  July  1884,  there  has,  however,  been  a  great  change 
in  the  French  system.  From  that  date  tiie  duty  has  been  paid 
upon  the  roots  instead  of  upon  the  sugar,  and  this  has  led  to 
the  necessity  of  producing  roots  as  rich  in  sugar  as  possible, 
and  to  the  payment  for  the  roots  by  the  manufacturer  according 
to  their  richness  in  sugar ;  the  price  being  fixed  according  to 
the  density  of  the  juice.  It  has  thus  become  the  interest  of  the 
cultivator  to  grow  much  smaller  crops,  with  much  higher 
percentages  of  sugar  than  formerly.  Much  more  attention  has 
also  been  paid  to  the  character  of  the  seed  sown,  so  as  to  obtain 
roots  rich  in  sugar. 

Before  referring  to  more  recent  statistics,  it  may  be  stated 
that,  according  to  records  quoted  at  p.  70  (2nd  edition)  of  Mr. 
Sigmund  Stein's  pamphlet,  it  would  appear  that  during  the  last 
twenty-five  years  the  number  of  sugar  factories  in  Germany 
has  increased  from  about  300  to  about  400,  or  by  one-third. 
The  quantity  of  beetroot  worked  has,  however,  increased  about 
five-fold ;  the  quantity  of  sugar  produced  from  seven  to  eight  fold ; 
and  the  yield  of  raw  sugar  per  cent,  on  the  roots  firom  about  8^ 
tol3i. 

The  following  Table  (XL,  p.  18)  gives  a  summary  of  results 
quoted  by  Mr.  Sigmund  Stein  at  pp.  69-71  of  his  pamphlet ;  the 
results  themselves  being  taken  from  the  official  statistics 
relating  respectively  to  Germany  and  to  France. 

Referring  to  the  figures  in  the  upper  division  of  the  Table, 
relating  to  Q^rmany,  it  is  seen  that  during  the  eleven  years 
1886-7  to  1896-7,  the  number  of  sugar  fiu^tories  has 
remained  comparatively  stationary.  On  the  other  hand,  the 
area  under  sugar-beet  has  increased  by  about  one-half,  the 
amount  of  roots  submitted  to  manufacture  by  more  than  one- 
half,  and  the  amount  of  raw  sugar  produced  in  a  much  greater 
proportion  still.  Naturally,  there  is  fluctuation  in  the  produce 
of  roots  per  acre  firom  year  to  year  according  to  season ;  the 
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lowest  amount  recorded  daring  the  eleven  years  being  10*7  tons 
in  1887  ;  the  highest  133  tons  in  1889  and  in  1804  ;  and  the 
average  of  the  eleven  years  amounts  to  12*1  tons.  Lastly,  the 
amount  of  raw  sugar  produced  per  cent,  on  the  roots  varied 
during  the  same  eleven  years  from  11*87  in  1886-7,  to  13*11 
in  1895-6,  with  an  average  over  those  eleven  years  of  12*33 
per  cent.  But,  it  will  be  seen,  it  is  stated  that  in  1884-5  the 
traw  sugar  obtained  per  cent,  on  the  roots  was  only  10*79,  and 
in  1885-6  only  10*43;  the  figures  showing  a  marked  increase 
subsequently  to  those  years. 

Table  II. 


Tean 


Number 
of 

factories 


Area 
nnder 
Bu  gar- 
beet 


Produce 

of  roots 

per 

acre 


Roofs 

submitted 

to 

manufacture 


Itaw 

sugar 

produced 


Gebmaky. 


France. 


1884-5     1 

449 

350,864 

12-7 

4,556,796 

303,291 

6-66 

1886-6     , 

413 

283,987 

11-9 

3,385,439 

294,538 

8-70 

1886-7 

301 

379,331 

129 

4,897,079 

482,270 

9-85 

1887-8 

376 

397,512 

91 

3,614.632 

383,049 

10-60 

1888-9      , 

380 

425,373 

9-9 

4,222,967 

458,369 

10-85 

1 889-90 

1      373 

472,821 

130 

6.676,051 

777,073 

11-64 

1890-1      ' 

377 

547,808 

11-8 

6,499,906 

633,602 

10-52 

1891-2 

368 

651,956 

10-2 

6,628,804 

642,023 

11-41 

1892-3 

,      368 

528.156 

10  3 

5,472,891 

681,517 

10-63 

1893-4 

370 

643,645 

9-6 

5,250,192 

671,987 

10-89 

1894-5 

367 

596,806 

120 

7,137,736 

782,726 

10-97 

1895-6 

356 

505,858 

10-7 

6,411,484 

659,607 

1219 

1896-7 

-      358 

608.370 

111 

6,705,000 

742,829 

1108 

Mean 

1 

11-2 

— 

— 

10-46 

Raw  sugar 

per  cent. 

on  the 

roots 


no. 

acres 

tons 

tons 

tons 

percent. 

1884-5 

376 

— 

— 

10,402,688 

1,123,030 

10-79 

1885-6 

408 

— 

— 

7,070,317 

808,105 

10-43 

1886-7 

399 

684,193 

121 

8,306,671 

1,018,281 

11-87 

1887-8 

401 

661,815 

10  7 

6,963,960 

958,863 

13  08 

1888-9 

391 

691,897 

11-4 

7,896,183 

990,890 

11-96 

1889-90 

396 

762,259 

13-3 

9,82-2.635 

1,261,353 

12-36 

1890-1 

401 

824,825 

13-0 

10,623.319 

1,336,221 

12-09 

1891-2 

405 

861,583 

11-4 

9,488,002 

1,198,025 

12-06     • 

1892-3 

403 

869,829 

11-3 

9,811,939 

1,230,834 

11-94 

1893-4 

401 

954,996 

111 

10,644,351 

1,366,001 

12-34 

.1894-6 

405 

1,090,801 

13-3 

14,621,029 

1,827,973 

12-15 

a 895-6 

307 

930,749 

12-6 

11,672,816 

1.637,057 

13-11 

1896-7 

399 

1.049,881 

13-0 

13,721,601 

1,821,223 

12-66 

Mean 

1 

— 

(121) 

— 

— 

1206 

To  form  an  estimate  of  the  amount  of  pure  sugar  yielded 
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per  100  of  roots,  it  is  obvious  that  dednction  wonid  hare  to  be 
made  according  to  the  degree  of  purity  of  the  raw  sugar,  but  to 
the  amount  so  reduced  there  would  have  to  be  added  the  sugar 
obtained  from,  or  remaining  in,  the  molasses. 

Turning  now  to  the  results  relating  to  France,  as  given  in 
the  lower  division  of  the  Table,  it  is  seen  that  there  has  been  a 
gradual  reduction  in  the  number  of  sugar-factories  during  the 
thirteen  years  commencing  with  1884-5,  and  ending  with 
1896-7 ;  that  is,  since  the  new  system  as  to  the  valuation  of 
the  roots,  and  the  resulting  changes  in  the  cultivation  and 
manufacture,  have  been  adopted.  Notwithstanding  the  reduc- 
tion in  the  number  of  factories,  there  has  been  a  gradual 
increase  in  the  number  of  acres  under  the  crop  by  about  one- 
half,  comparing  the  first  five  with  the  last  five  of  the  thirteen 
years.  With  the  great  improvement  in  the  quality  of  the  roots 
under  the  new  system,  the  produce  of  roots  per  acre  was,  on  the 
average  of  the  thirteen  years,  only  11*2  tons,  or  rather  less  than 
the  yield  in  Grermany,  and  only  about  half  as  much  as  in  France 
about  twenty-five  years  ago.  Nevertheless,  the  amount  of  roots 
submitted  to  manufacture  has  increased  by  about  one-half, 
comparing  the  quantities  over  the  last  five  years  with  those  of  the 
first  five  of  the  thirteen  under  the  new  system ;  whilst,  reckoned 
in  the  same  way,  the  raw  sugar  produced  has  increased  by 
more  than  one  half.  Lastly,  the  amount  of  raw  sugar  obtained 
firom  100  of  roots  has,  under  the  new  system,  increased  during 
the  later  compared  with  the  earlier  years;  but  the  average 
amount  over  tlie  thirteen  years  1884-5  to  1896-7,  for  which 
there  are  corresponding  particulars  for  Germany,  show  only 
10*46  of  raw  sugar  obtained  fix)m  100  of  roots,  against  12*06 
over  the  same  period  in  Germany.  In  any  reckoning  of  the 
total  amount  of  pure  sugar  yielded  per  100  of  roots  in  France, 
the  amount  obtioned  from,  or  remaining  in,  the  molasses,  would 
of  course  have  to  be  added  to  that  contained  in  the  raw  sugar ; 
but  the  total  yield,  in  raw  sugar  and  molasses,  would  still  be 
materially  less  than  in  Germany. 

From  the  foregoing  results  relating  to  the  sugar  industry  in 
Germany  and  France  in  recent  years,  it  is  obvious  that,  to  get  a 
high  yield  of  sugar  from  the  roots,  only  comparatively  low  yields 
of  roots  per  acre  can  be  obtained. 

It  has  before  been  stated,  that  twenty-five  years  ago  under 
the  restrictions  then  in  force  as  to  the  manuring  and  the  culti- 
vation of  the  sugar-beet  crop  in  Germany,  the  average  produce 
was  not  more  than  about  11  tons  of  roots  per  acre;  but,  as 
the  Table  shows,  the  average  yield  over  the  eleven  years  to  1 896-7 
was  over  12  tons.    The  increase  in  produce  per  acre  in  recent 
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years  is  parUy  dae  to  some  changes  in  the  manuring  and  culti- 
vation of  the  crop.  Formerly,  as  has  been  said,  sulphate  of 
ammonia  was  used  in  limited  amount  per  acre ;  but  nitrate  of 
soda  very  seldom,  owing  to  the  reduced  coeflBcient  of  purity  of  the 
juice  when  it  was  employed.  More  recently,  however,  nitrate 
of  soda  has  been  more  and  more  used,  almost  to  the  exclusion  of 
sulphate  of  ammonia ;  the  difficulty  as  to  the  less  purity  of  the 
juice  of  the  beets  being  to  a  great  extent  obviated  by  growing 
the  plants  closer  together,  so  as  to  prevent  over-luxuriance 
and  ensure  the  ripening  of  the  roots.  To  maintain  and  to 
increase  the  percentage  of  sugar  in  the  roots,  great  attention  has 
also  always  been  paid  in  Germany  to  the  character  of  the  seed 
sown ;  high  character  being  attained  by  selection  of  the  roots  to 
be  grown  for  seed;  and  in  recent  years  higher  and  higher  per- 
centages  have  been  obtained,  so  that,  with  even  somewhat 
increased  weight  of  roots  per  acre,  the  percentage  of  sugar  in 
the  roots  has  been  increased,  and  that  of  the  *'  non-sugar " 
diminished.  The  result  is  an  almost  perfect  root  for  the  purposes 
of  manufacture. 

It  is  obvious  from  the  results  in  the  Table  (II.,  p.  13)  that 
since  the  new  system  of  purchasing  the  roots  according  to  their 
richness  in  sugar  has  been  adopted  in  France,  the  character  of 
the  roots  for  the  purposes  of  sugar-making  has  been  much  im- 
proved, and  their  produce  of  manufactured  sugar  has  been 
greatly  increased.  But  hitherto,  though  with  even  smaller 
crops,  as  has  been  shown,  a  less  yield  of  sagar  per  cent,  on  the 
roots  IS  obtained  than  in  Germany. 

Value  of  Sugar-beet  Roots  according  to  their 

Composition. 

The  price  which  the  manufacturer  will  pay  for  roots  depends 
upon  two  factors : — First,  the  percentage  of  sugar  in  the  roots ; 
and,  secondly,  what  is  called  the  "  coefficient  of  purity  "  of  the 
juice.  It  is  said  that  some  German  factories  refuse  roots  con- 
taining less  than  10  per  cent,  of  sugar.  But,  whatever  the 
percentage  of  sugar  in  the  roots,  the  price  given  per  ton  depends 
largely  on  the  purity  of  the  juice.  The  degree  of  purity  of  the 
juice  means  the  percentage  in  the  dry  matter  of  the  juice  of 
sugar  as  indicated  by  the  polariscope.  In  other  words,  it  means 
the  percentage  of  sugar  in  the  total  dry  substance  of  the  juice. 

For  example,  if  the  percentage  of  dry  matter  in  the  juice 
were  found  to  be  16,  and  the  percentage  of  sugar  in  the  juice 
by  polariscope  were  12,  it  is  obvious  that  the  sugar  would 
represent  three-quarters  of  the  dry  substance ;  in  other  words, 
75  per  cent.      If,  on  the  other  hand,  the  percentage  of  dry 
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matter  in  the  jaice  were  still  16,  and  that  ot  the  sugar  13, 
the  percentage  of  sngar  in  the  dry  matter,  that  is  the  coefficient 
of  purity  of  the  juice,  would  be  81'25.  Or,  to  give  another 
example,  if  the  percentage  of  dry  matter  in  the  juice  were  17, 
and  that  of  the  sugar  were  15,  the  co-efficient  of  purity  of  the 
juice  would  be  88*24.  It  may  be  said  that  a  juice  of  a  purity 
of  80  per  cent,  or  more  would  be  considered  a  good  juice,  and 
the  price  of  the  roots  would  accordingly  be  high;  but  roots 
with  a  juice  of  only  75  or  lower  per  cent,  purity,  would  com- 
mand a  lower  price  from  the  manufacturer,  even  although  the 
percentage  of  sugar  in  them  was  the  same  in  the  two  cases.  An 
example  of  this  may  be  given  from  the  scale  adopted  at  a  sugar 
factory  in  the  United  States,  which  will  be  referred  to  in  more 
detail  further  on.  Thus,  roots  containing  12  per  cent,  of  sugar, 
with  a  juice  of  80  per  cent,  purity,  were  paid  for  at  the  rate  of 
4  dollars  (=  16«.  %d.)  per  ton ;  whilst  roots  still  containing  12  per 
cent,  of  sugar,  but  with  a  juice  of  only  74  per  cent,  purity,  were 
paid  for  at  the  rate  of  only  3  dollars  (=12«.  6d.)  per  ton. 

We  are  not  aware  of  authentic  records  showing  either  the 
actual  average  percentage  of  sugar  in  the  roots,  or  the  actual 
scale  of  prices  paid  by  the  manufacturer  for  the  roots  according 
to  their  percentage  of  sugar,  and  the  purity  of  the  juice,  in 
recent  years  in  Germany ;  but  we  believe  that  when  the  per- 
centage of  sugar  in  the  juice  is  above  a  certain  amount,  the 
question  of  the  purity  of  the  juice  is  disregarded. 

The  following  Table  (III.,  p.  17)  is,  however,  founded  on  data 
given  by  Dr.  Carl  Stammer,  one  of  the  chief  beetroot  sugar  experts 
in  Germany,  which  were  published  some  years  ago.  He  gave 
results  for  thirteen  different  percentages  of  sugar  in  the  roots, 
from  10,  105,  110,  11*5,  and  so  on,  up  to  160,  apd  for  each  of 
these  percentages  at  six  different  degrees  of  purity  of  the  juice. 
He  then  adopted  the  percentage  of  12  sugar  in  the  roots,  with 
a  purity  of  the  juice  of  80,  and  assumed  this  quality  of  root  as 
unity,  and  valued  it  at  2  francs  per  100  kilograms  (=220^  lb.). 
Adopting  his  data,  we  have  given  in  the  Table,  in  English 
money,  the  value  per  ton  of  roots  of  the  different  percen^ges 
of  sugar  as  shown  at  the  head  of  the  columns,  each  at  the  six 
different  degrees  of  purity  of  juice. 

Of  course  the  actual  standard  price  of  roots  of  a  fixed 
quality  will  vary  considerably  from  time  to  time,  according  to 
the  price  of  sugar  in  the  market,  and  to  the  productiveness  of 
the  season,  and  other  local  circumstances.  But  the  lesson  to  be 
learnt  from  the  Table  is,  how  great  may  be  the  difference  in  the 
value  of  the  roots  according  to  their  composition ;  that  is, 
according  to  their  percentage  of  sugar,  and  to  the  degree  of 
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parity  of  the  juice.  Hoots  of  Only  10  per  cent,  of  sugar  would 
most  probably  also  have  a  low  degree  of  purity  of  juice  ;  and 
adopting  the  standard  price  upon  which  the  Table  is  based,  the 
value  of  the  roots  per  ton  would  probably  be  only  about  1  Is.  or 
12^.  If  the  percentage  of  sugar  in  the  roots  were  11*0,  the 
purity  of  the  juice  would  probably  be  somewhat  higher,  but 
still  low,  and  the  price  might  range  from  13*.  to  155.  per  ton. 
If  the  percentage  of  sugar  were  120,  a  higher  condition  of  juice 
might  be  expected,  and  the  price  might  be  from  16s,  to  17s.  per 
ton.  With  a  percentage  of  sugar  of  130,  there  would  again 
probably  be  a  higher  purity  of  juice,  and  the  price  per  ton  of 
roots  might,  on  the  scale  supposed,  be  from  17^.  6d.  to  about 
20s.  With  14"0,  15*0  or  160  per  cent,  of  sugar  in  the  roots, 
the  purity  of  the  juice  would  pretty  certainly  be  high,  and  the 
VAlue  of  the  roots  per  ton  might  range  from  20^.  to  25j?. 

Table  III. 


Quotient 
of  purity 


Sugar  in  the  Roots 


10-0 
per  cent. 


s.      d. 


TO 
76 
80 
85 
DO 
95 


1  '1 

11 

12 

8 

13 

6 

U 

6 

15 

3 

16 

1 

11-0 
per  cent. 

i.  d. 

13  0 

13  10 

15  0 

15  9 

16  9 

17  7 


12-0 
per  cent. 


i.  d. 

14  2 

15  3 

16  3 

17  3 

18  3 

19  4 


13-0 

14-0 

150 

per  cent. 

per  cenL 

per  cent 

s.     d. 

s.     d. 

t.      d. 

15     5 

16     7 

17     9 

16     5 

17     9 

19    0 

17    7 

19     0 

20    4 

18    6 

20    2 

21     6 

19  10 

21     4 

22  11 

20  10 

23    7 

24    1 

16-0 
percent. 

«.     d. 

19  0 

20  4 

21  8 


23 
24 


1 
5 


25    8 


Obviously,  if  the  standard  price  of  the  period  or  locality 
were  lower  than  that  adopted  in  the  construction  of  the  Table, 
the  price  per  ton  for  any  given  quality  of  roots  would  be  lower ; 
or  if  the  standard  price  were  higher,  so  would  the  price  per 
ton  of  roots  be  higher  for  any  given  composition  than  tJiat  given 
in  the  Table. 

It  has  been  explained  that  the  system  in  France  before  1884 
was  for  the  manufacturer  to  purchase  the  roots  by  weight 
irrespectively  of  their  composition,  and  the  result  was  that  large 
crops  of  low  percentage  of  sugar,  and  doubtless  low  purity  of 
juice,  were  produced.  In  1884,  however,  the  system  being 
changed,  and  the  roots  from  that  time  being  paid  for  according 
to  their  composition,  much  smaller  quantities  of  roots  per  acre, 
but  with  much  higher  percentages  of  sugar  and  higher  quality 
of  juice,  have  been  grown,  and  accordingly  much  higher  prices 
have  been  paid  for  the  roots. 

It  will  be  useful  to  give  an  illustration  of  the  condition  of 
tilings  in  France  prior  to  1884,  by  giving  a  summary  of  a  Table 
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pabliahed  in  1876  by  M.  Georges,  President  da  Cornice 
Agricole  of  Saint-Qnentin,  at  a  time  when  the  importance  of 
payment  according  to  composition  had  been  recc^niaed  and 
discussed,  thoagh  not  definitely  established,  and  when,  as  a  first 
step,  it  was  proposed  to  value  the  roots  according  to  the  density 
of  the  juice.  M.  Georges  gave  a  Table  for  31  different  degrees 
of  density,  corresponding  to  from  13*3  to  6*7  per  cent,  of  sugar 
in  the  roots ;  giving,  at  tibe  same  time,  the  yield  obtained  per  100 
of  roots  of  the  different  qualities,  and  the  price  per  1,000  kilos. 
(2,204^  lb.)  accordingly.  The  following  Table  (lY.)  is  constructed 
according  to  the  data  given  by  M.  Georges,  and  shows  the  value 
per  ton  of  roots  in  English  money  for  each  percentage  of  sugar 
in  the  roots  from  13  down  to  7. 

Table  IV. 


Sugar  in  the  roots 

Yield  of  Bogar  in  the 
roots 

Proportion  of  the  total 
sngar  yielded 

Price  per  ton  of 
roota 

percent. 

per  oentb 

percent. 

i. 

d. 

13 

8-53 

65-6 

19 

3 

12 

7-82 

651 

17 

7 

11 

6-99 

63-5 

15 

9 

10 

6-22 

62-2 

14 

1 

9 

6-38 

59-7 

12 

2 

8 

4-61 

57-6 

10 

5 

7 

3-88 

65-5 

8 

9 

The  first  point  to  observe  in  the  Table  is,  the  small 
proportion  of  the  total  sugar  in  the  roots  that  is  obtained  in 
the  manufacture ;  the  amount  being  only  65*6  per  cent.,  with 
13  per  cent,  of  sugar  in  the  roots,  and  as  little  as  55'5  per  cent, 
with  only  7  per  cent,  in  the  roots.  Accordingly  the  estimated 
price  per  ton  of  the  roots  was  19«.  Sd.  with  the  highest 
percentage ;  gradually  declining  with  each  lower  percentage  of 
sugar,  and  lower  proportion  of  the  total  sugar  yielded,  to  only  Ss.  9(2. 
per  ton  with  only  7  per  cent,  sugar  in  the  roots,  and  the  much 
lower  proportion  of  the  total  sugar  obtaiued  in  the  manufacture ; 
due,  doubtless,  to  the  much  lower  degree  of  purity  of  the  juice. 
The  much  lower  value  to  the  manufacturer  of  roots  not  only  lower 
in  percentage  of  sugar,  but  with  this  having  a  proportionally  lower 
degree  of  purity  of  the  juice,  and  giving  a  lower  yield  firom  a  given 
percentage,  is  here  again  clearly  illustrated.  The  low  yields  of 
sugar  obtained  from  the  roots  on  the  old  system  in  France  is 
also  prominently  brought  to  view. 

The  following  illustrations  of  the  comparatively  large  produce 
of  roots  per  acre,  of  high  percentages  of  sugar  in  the  roots,  and 
of  high  prices  obtained  per  ton  for  them,  in  some  special 
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instances,  since  the  new  law  has  been  in  force  in  France,  and 
the  roots  have  been  paid  for  by  the  mannfactnrer  according  to 
their  percentage  of  sugar  as  determined  bj  the  amount  in  the 
expressed  juice,  are  of  interest,  and  are  in  striking  contrast  to 
those  given  in  Table  IV.  (p.  18).  The  results  are  given  by- 
Professor  P.  P.  Deh^rain,  in  a  paper  published  in  1887 — and  in 
the  following  Table  (Y.)  the  quantities  he  gives  are  converted 
into  English  weights  and  money.  The  roots  were  grown  at 
Wardrecques,  Pas-de-Calais,  and  it  is  stated  that  the  first  four 
were  obtained  on  small  experimental  areas,  but  the  others  in 
large  culture.  It  is  further  stated  that  the  conditions  were  in 
every  respect  arranged  with  the  special  object  of  obtaining 
roots  of  the  highest  possible  quality  and  value. 

Table  V. 


Description  of  seed,  &c. 


Vilmozin,  1886   . 
1886    . 
Dippe,  1885 
„       1886 

Vilmorin  and  Dippe 


Vilmorin 
Dippe 


Per  cent. 

sugar 

in  the 

roots 


I)er  cent. 
16-3 

16-8 

14-7 
161 
16-4 
18-6 


Roots 
per  acre 


Sold  at 
per  ton 


tons  cwt. 

17  11 
16  19 

18  8 

18  11 

19  1 
18  11 
16  8 
14  8 


I. 

31 


d. 
9 


31     11 


30 
27 


1 

8 


25  10 

27  5 

36  0 

60  2 

42  11 

34  4 


It  will  be  seen  that  in  the  cases  in  which  the  percentage  of 
sugar  in  the  roots  is  given,  it  was  very  high ;  and  not  only  in  a 
very  marked  degree  higher  than  in  the  range  assumed  in 
Table  lY.  (p.  18),  relating  to  the  period  before  the  establish- 
ment in  France  of  the  rule  of  payment  for  the  roots  according 
to  their  richness  in  sugar,  but  also  in  some  cases  higher  than 
the  highest  assumed  in  Table  III.  (p.  17),  arranged  specially 
for  use  in  Germany.  The  weights  of  roots  per  acre,  though 
very  much  lower  than  the  earlier  average  for  France,  are 
nevertheless  very  high  for  such  rich  roots,  and  much  higher 
than  the  average  in  Germany ;  and  the  percentages  of  sugar 
are  also  considerably  higher  than  the  average  in  Germany  with 
only  from  12  to  13  tons  of  roots  per  acre. 

It  is  true  that  the  above  results  were  in  a  certain  degree 
only  experimentally  obtained ;  but  they  are  nevertheles  in- 
teresting and  instructive,  as  showing  what  may  be  done  when 
sufficiently  careful  attention  is  paid  to  the  essential  condition^ 
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of  growth  to  obtain  a  good  result.  The  prices  given  per  ton  or 
roots,  which  are  stated  to  have  been  actually  paid  for  them, 
show  that  they  ranged  from  a  minimum  of  25«.  \Qd.  with  14*7 
per  cent,  of  sugar,  to  50«.  2d.  with  18 "5  per  cent,  of  sugar! 
The  prices  were,  in  fact,  in  most  cases  one  and  a  half  time,  and 
in  some  twice,  as  high  as  was  proposed  for  roots  of  13  per  cent, 
sugar,  as  in  Table  IV.  (p.  18),  relating  to  the  coudition  of  things 
before  the  change  of  1884.  It  is  at  any  rate  quite  certain  that 
such  high  percentages  of  sugar,  with  such  large  crops,  could 
ouly  be  attained  under  exceptionally  favourable  conditions  as  to 
description  of  seed,  character  of  soil,  of  manuring,  of  climate, 
and  of  cultivation.  So  far  as  can  be  judged  from  the  particulars 
given,  the  manuring  consisted,  at  auy  rate  in  some  cases,  of 
maize-cake,  and  iu  others  of  sulphate  of  ammonia,  each  with 
superphosphate  in  addition.  Further,  the  most  approved  seed 
was  used,  and  the  plants  were  grown  very  close  together,  there 
being  between  eight  and  nine  per  square  yard. 

It  may,  of  course,  be  a  question,  how  far  examples  taken 
from  countries  like  Germany  and  France,  where  the  manufacturer 
of  sugar  is  subject  to  the  payment  of  heavy  daties,  and  where, 
on  the  other  hand,  heavy  bounties  are  given  on  the  export  of 
sugar,  are  any  safe  guide  as  to  the  probable  range  of  .prices  that 
would  prevail  in  our  own  country,  if  the  growth  of  sugar-beet 
for  sugar,  and  the  manufacture  of  sugar  from  it,  were  established 
here  under  totally  different  fiscal  conditions. 

After  the  foregoing  had  been  sent  to  the  printer,  we  received 
an  interesting  communication  on  the  conditions  of  sugar-beet 
cultivation  in  France  at  the  present  time,  which  has  been  very 
kindly  prepared  for  us,  in  answer  to  questions  we  had  submitted 
to  him,  by  Monsieur  E.  Tisserand,  formerly  Director  of  the 
Ministry  of  Agriculture,  Paris,  but  recently  retired,  and  now 
Honorary  Director. 

The  following  is  a  translation  of  the  document,  with 
the  quantities  converted  into  their  equivalents  in  English 
weights,  measures,  and  values  : — 

1.  Since  the  coming  into  force  of  the  Law  of  1884.  which 
imposed  the  tax  upon  the  beetroots  submitted  to  manufacture, 
certain  changes  in  the  methods  of  cultivation  have  become 
necessary.  The  rotation  remains,  however,  triennial  as 
before :  beetroot  manured,  wheat,  and  oats.  It  is  essen- 
tial that  the  organic  manures — farmyard  manure,  compost, 
poudrettes,  &c.,  should  be  put  on  the  land  as  soon  as  the 
preceding  crop  is  removed,  and  that  their  thorough  mixing 
with  it  should  be  completed  by  the  end  of  September,  so  that 
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they  may  have  plenty  of  time  to  decompose  and  become  well 
incorporated  with  the  soil.  Without  this,  they  act  too  slowly 
on  the  vegetation,  and  so  prevent  the  maturation  of  the  roots 
at  the  time  required.  The  quantity  of  farmyard  manure  applied 
is  from  14  to  16  tons  per  acre ;  and  this  is  supplemented  in  the 
spring  by  the  application  of  from  3  to  5  cwt.  per  acre  of  bone 
or  mineral  superphosphate,  and  of  from  2^  to  3^  cwt.  of  nitrate 
of  soda.  If  the  soil  requires  potash,  this  may  be  advantageously 
supplied  by  from  1^  to  If  cwt.  of  chloride  of  potassium.  The 
seed  is  sown  in  rows  about  16  inches  apart,  so  as  to  admit  of 
the  use  of  a  horse-hoe,  which  is  desirable  for  maintaining  the 
proper  condition  of  the  soil.  When  the  plants  have  developed 
four  leaves,  they  should  be  thinned  out,  leaving  one  every  10  or 
12  inches,  so  as  to  secure  seven  or  eight  per  square  yard,  and  by 
this  close  growth  to  prevent  the  individual  plants  attaining  too 
^eat  development,  which  is  always  injurious  to  the  quality. 

2.  The  beetroots  are  bought  according  to  the  density  of 
the  juice.  The  price  is  fixed  for  beetroots  showing  7°,  cor- 
responding to  14  per  cent,  of  sugar,  according  to  the  current 
price  of  sugar;  the  deviation  ranging  from  Ss.  Sd.  to  bs.  6d ,. 
according  to  the  locality,  and  to  the  competition  that  there 
frequently  is  between  the  buyers.  Example:  If  sugar  is 
worth  128.' per  cwt.  during  the  months  of  manufacture,  the 
standard  price  for  roots  should  be  I85.  to  228.  per  ton  at  7** 
density ;  with  an  increase  or  reduction  of  6d.  to  7d.  for  every 
tenth  of  a  degree  above  or  below  7®.  Generally  beetroots  with 
a  density  below  6*5  are  not  received. 

8.  The  quality  of  the  roots  is  very  variable,  and  depends 
much  on  the  conditions  of  the  weather  during  the  growth  of 
the  crop.  The  months  of  September  and  October  have  very 
great  influence  in  this  respect.  But  it  is  of  all  things  very 
important  that  the  vegetation  should  be  continuous,  and  not 
suffer  any  check  during  the  hot  weather  of  July  and  August. 

4.  Beetroots  in  France  have  an  average  of  from  13  to  15 
per  cent,  of  sugar,  and  there  is  extracted  in  the  manufacture 
from  9^  to  12  per  cent.,  according  to  the  richness  of  the  roots, 
and  materially  also  according  to  the  methods  of  working  of  th& 
manufacturer. 

5.  In  the  estimates  of  the  amounts  of  sugar  extracted^ 
sugar  of  at  least  99  per  cent,  purity  is  to  be  understood. 

6.  Statistics  show  that  in  France  the  general  average  of 
the  beetroot  crop  is  11  tons  3  cwt.  per  acre,  and  in  Germany 
12  tons  7  cwt.  But,  on  a  well  managed  farm,  14  to  16  tons  of 
roots  per  acre,  containing  from  14  to  15  per  cent,  of  sugar,  are 
not  seldom  obtained. 
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7.  The  average  price  paid  for  roots  during  recent  years  has 
ranged  from  19«.  6d,  to  over  21 5.  per  ton,  with  a  density 
of7^ 

8.  The  capital-value  of  the  land  is  from  48/.  to  64Z.  per 
acre,  according  to  district,  quality,  situation,  &c.  According 
to  the  same  conditions,  the  rental  varies  from  22^.  6(2.  to  42«. 
and  455.  per  acre.  For  some  years  the  price  of  white  sugar 
No.  3  has  been  about  12Z.  is,  per  ton  delivered  in  Paris;  bat 
varying  between  the  extremes  of  10/.  3«.  and  13/.  8*. 

Growth  of  Sugar-beet,  and  the  Manufacture  of  Sugar 

from  it,  in  the  united  states. 

An  illustration  from  the  experience  so  far  gained  after  a  few 
years'  trial  in  the  United  States,  will  be  of  interest.  In  January 
of  the  present  year,  Professor  Woll,  of  the  University  of  Wis- 
consin, at  Madison,  published  a  report  on  "  Sugar-beet  Investi- 
gations in  Wisconsin  in  1897,"  giving,  besides  others,  the 
results  of  more  than  two  thousand  experiments  on  the  growth 
of  sugar-beet  in  that  year,  and  of  the  analyses  of  the  samples. 

In  reference  to  the  question  of  the  Relative  Value  of  Beets 
of  Different  FuritieSy  Professor  Woll  states  that  some  factories 
do  not  receive  beets  showing  less  than  80  per  cent,  purity, 
whilst  others  receive  them  at  a  reduced  scale  of  prices ;  and  he 
quotes,  as  in  the  following  Table  (VI.,  p.  23),  the  schedule  of 
prices  in  force  at  the  Oxnard  Beet  Sugar  Go.'s  Factory,  at 
Grand  Island,  Nebraska,  according  to  the  printed  contract  which 
the  company  makes  with  the  sugar-beet  growers.  In  the  fourth 
column  we  have  given  the  equivalent  of  the  dollars  in  English 
money ;  in  the  fifth  the  values  on  the  assumption  of  20^.,  and  in 
the  sixth  on  that  of  25«.  (instead  of  16s.  8ci.),  as  the  price  per 
ton  for  the  highest  quality  of  roots  given  in  the  Table. 

It  is  seen  that  roots  of  12,  13,  and  14  per  cent,  sugar 
respectively,  may  each  command  the  highest  price,  if  those  with 

12  per  cent,  have  a  purity  of  not  less  than  80  per  cent.,  those  of 

13  per  cent,  of  not  lees  than  78  per  cent.,  whilst  those  of  14  per 
cent,  are  taken  regardless  of  purity.  Boots  of  13  or  12  per 
cent,  sugar  have,  however,  a  gradually  declining  value  down  to 
3  dollars,  as  the  degree  of  purity  of  the  juice  declines  below  80 
or  78.  Further,  roots  with  only  11  per  cent,  of  sugar,  but  with 
a  relatively  high  degree  of  purity,  may  have  the  same  value  per 
ton  as  those  with  12  or  13  per  cent,  but  with  a  lower  degree  of 
purity.  Lastly,  as  the  bottom  lines  of  the  Table  show,  roots  with 
less  than  13  per  cent.,  less  than  12,  or  less  than  11  per  cent.^ 
and  with  low  degrees  of  purity,  would  be  worth  only  2  J  dollars 
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per  ton.  Thus,  roots  may  contain  from  12  to  18  per  cent,  of 
fiugar,  and  yet  their  value  per  ton  may  vary  from  4  dollars 
(16«.  8d.)  to  2-50  dollars  (10«.  5d.),  according  to  the  degree 
of  pnrity  of  the  juice. 


Table  VI. 


Beets  containing 

not  lesa  sugar 

than — 


Degree  of  parity 
of  the  joioe 


12  per  cent. 

14 

13 


*> 


80  per  cent. 
Begaidless  of  pnrity 
Not  lower  than  78  p.c. 


13 
12 

13 
12 


76    „ 
79    „ 


to     „ 


78 


Prioes  per  ton  of  roots 


American  soale 


dollars 

«. 

d. 

400 

16 

8 

400 

16 

8 

400 

16 

8 

1    3-75 

15 

7 

f> 


}»■ 


50 


13 
12 
11 


It 
If 


13 

>» 

12 

1* 

11 

»» 

Below  13 

p.c. 

»t 

12 

ti 

t* 

11 

11 

»> 
n 
tl 

>t 
»* 
It 

>f 
>l 
It 


74    ., 

76    „ 

78 


It 


73  „ 

74  „ 
76    „ 


3-25 


14    7 


13     6 


Assuming 


i,  d, 

20  0 

20  0 

20  0 


18    9 


17    6 


«.  d. 

26  0 

25  0 

25  0 


23     5 


21  10 


800 


73 
74 
75 


tl 


tt 


ft 


2-50 


12    6 


10    5 


16 

3 

20 

4 

16 

0 

18 

9 

12 

6 

15 

7 

The  Table  does  not  assume  what  would  at  the  present  time 
be  considered  high  percentages  of  sugar  in  either  Germany  or 
France ;  and,  especially  with  the  lower  percentages,  the  degrees 
of  purity  are  also  low.  The  figures,  nevertheless,  illustrate  very 
clearly  the  importance  to  the  grower  as  well  as  to  the  manu- 
facturer of  high  quality  of  roots.  For  example,  let  us  assume 
that  a  crop  of  15  tons  per  acre  grown  from  high  quality  of  seed, 
with  the  land  in  good  condition,  appropriately  manured,  and  not 
less  than  nine  plants  to  the  square  yard,  might,  in  a  favourable 
season,  contain  not  less  than  13  percent,  of  sugar,  with  a  degree 
of  purity  of  78.  It  would  then  command,  according  to  the 
American  schedule,  16«.  8c2.  per  ton :  or  let  us  assume  20a.  per 
ton.  If  the  crop  reached  20  tons,  the  probability  is  that  the 
percentage  would  not  be  more  than  12,  and  the  degree  of  purity 
not  higher  than  74,  and  the  price  would  then  be  only  15^.  a  ton. 
Or,  if  the  crop  reached  25  tons,  the  percentage  of  sugar  would 
probably  not  exceed  1 1 ,  and  the  degree  of  purity  would  be  low ; 
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in  which  case  the  price  would  be  only  12«.  6d,  per  ton.  On 
these  assumptions  the  yalae  of  the  crops  per  acre  woold  be  as 
follows : — 

15  tons  at  20ir.  per  ton  .        .        .        #        •    15    0    0 

20  tons  at  15«.  per  ton 15    0    0 

25  tons  at  12«.  6c;.  per  ton    .        .        .        .    15  12    6 

This  is  only  one  illnstration,  on  certain  fixed  assumptions, 
which  by  no  means  exaggerate  the  probable  diSerences  in 
composition  and  value  of  such  crops.  Indeed,  the  probability 
is  that,  in  actual  practice,  the  differences  in  favour  of  growing 
comparatively  small  crops,  with  high  percentage  of  sugar  and 
high  purity  of  juice,  the  result  of  perfect  maturation,  would 
frequently  be  much  greater  than  the  figures  above  given 
suppose.  Then,  it  is  unlikely  that  crops  of  15  tons  per  acre 
could,  in  the  average  of  seasons,  be  grown  of  such  quality  aa 
is  above  assumed ;  whilst  crops  ranging  from  12  to  15  tons,  if 
grown  from  suitable  seed,  and  under  suitable  conditions  as  to 
soil,  manuring,  and  cultivation,  would  probably  yield  roots  of 
higher  quality,  commanding  higher  rates  of  value  than  those 
above  supposed. 

General  Conclusions. 

One  of  the  first  questions  to  consider  in  forming  a  judgment 
as  to  whether  success  would  attend  an  extended  growth  of 
sugar-beet,  and  the  establishment  of  factories  for  the  manu- 
facture of  sugar,  in  this  country  is — at  what  price  of  sugar  is  it 
probable  that  such  an  enterprise  would  be  profitable  ?  Mr. 
Sigmund  Stein  estimates  that  400  factories,  each  costing  about 
60,000Z.,  would  supply  all  the  sugar  required  for  consumption 
in  the  United  Kingdom.  Going  into  more  detail  he  says :  *'  A 
sugar  fiftctory  working  40,000  tons  of  roots,  the  crop  of  say 
8,000  acres,  would  produce  about  5,000  (5,200)  tons  of  sugar^ 
and  would  cost  to  erect  about  60,0002."  Giving  a  summary 
balance  sheet,  he  reckons  that  there  would  be  a  profit  of  over 
6  per  cent,  on  the  60,0002.  capital,  if  the  price  of  sugar  were 
91.  per  ton,  of  14 J  per  cent,  if  lOZ.,  of  23*4  per  cent,  if  Hi., 
and  of  32  per  cent,  if  12L  per  ton. 

Besides  the  great  pecuniary  advantages  thus  assumed  on 
the  expenditure  of  capital  in  the  erection  and  working  of  sugar 
factories,  tbere  has,  of  course,  to  be  taken  into  account  the 
benefits  thai}  would  accrue  to  agriculture,  in  the  profitable 
employment  of  so  much  land,  and  also  of  so  much  labour,  both 
in  the  field  and  in  the  factory.  In  Mr.  Stein's  estimate  of  the 
pecuniary  benefits  to  the  farmer,  he  takes  the  cost  per  acre  of 
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growing  sugar-beet  at  lOl.y  and  assumes  that  he  will  receive 
18s.  a  ton  for  fifteen  tons  of  roots  delivered  to  the  factory.  If 
the  farmer  were  to  be  paid  for  15  tons  of  roots,  this  mnst  mean 
15  tons  after  cleaning  and  trimming,  which  implies  considerably 
more  than  fift;een  tons  of  gross  produce  of  roots  per  acre.  Then 
Mr.  Stein  reckons  that  the  roots  would  produce  13*3  per  cent. 
of  sugar,  and  says  that  its  cost  price  would  be  92.  per  ton.  We 
assume  that  raw  sugar,  not  refined,  is  meant;  but  it  is 
important  to  know  the  percentage  of  pure  sugar  in  the  product. 
If  refined  sugar  were  meant,  there  would  have  to  be  more  than 
that  percentage  in  the  roots  grown ;  and  although  in  favourable 
localities  and  seasons  it  would  probably  be  obtained,  it  is  not 
likely  that  it  would  be  in  roots  of  15  tons  per  acre  or  more, 
taking  the  average  of  seasons.  In  fact,  if  the  land  were  to 
produce  15  tons  or  more  per  acre  of  roots,  containing  say 
between  13  and  14  per  cent,  of  sugar,  the  cost  per  acre  of 
manuring  and  cultivation,  with  other  expenses,  would  be  more 
than  10!.,  and  the  farmer  would  not  be  satisfied  with  18^.  per 
ton  for  trimmed  roots.  Still  less  would  he  be  so  if  the  desired 
richness  in  sugar  could  only  be  attained  with  smaller  crops  per 
acre. 

It  may  here  be  observed  that  it  is  difiicult  to  follow  some 
of  Mr.  Stein's  calculations.  For  example,  in  reckoning  the 
profit  to  the  farmer  on  growing  15  tons  of  roots  per  acre,  he 
credits  him  with  11.  ba.  for  the  value  of  5  tons  of  leaves  and  heads 
from  the  roots,  thus  mixing  them  up  together,  and  rendering  it 
impossible  to  form  an  estimate  of  the  probable  loss  of  weight  of 
roots  by  trimming.  He  also  reckons  3  tons  of  slices  (pulp) 
equal  20  per  cent,  of  the  quantity  of  roots  delivered,  valuing 
them  at  10s.  per  ton  to  the  farmer  ^ ;  but  in  estimating  the  profits 
of  the  factory  he  reckons  the  slices  at  30  per  cent,  of  the 
weight  of  roots,  but  still  values  them  at  lOs.  per  ton.  In  fact, 
although  Mr.  Stein's  pamphlet  supplies  a  great  deal  of  valuable 
information,  the  details  do  not  afibrd  a  su£5cient  basis  to 
justify  the  opinion  that  the  farmer  would  make  the  profit 
supposed,  or  that  the  factory  would  earn  6  per  cent,  on  the 
capital  with  a  price  of  9{.  per  ton  of  sugar,  or  as  much  as  is 
assumed  vnith  the  respective  prices  of  lOi.,  IIZ.,  or  12i.  per  ton 
of  sugar. 

With  regard  to  the  suitability  of  the  climate  of  the  British 
Isles  for  the  growth  of  beetroot  in  sufBcient  quantity,  and  at 
the  same  time  of  adequate  richness  in  sugar,  Mr.  Stein  says  that 

it  has  been  proved  by  hundreds  of  experiments  during  the  last 

■  ^^^^^  ^^^^^  ■ 

I  In  his  first  edition  he  reckoned  6  tons  of  slices,  equal  40  per  cent,  of  the 
quantity  of  roots  delivered,  valning  them  at  5s,  per  ton  to  the  farmer. 
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fifty  years — "  that  the  sugar  contained  in  the  home-grown  beet- 
root is  not  only  equal  to,  but  even  surpasses,  that  contained  in 
the  beetroot  grown  on  the  Continent  of  Europe."  We  certainly 
are  not  aware  of  the  results  referred  to,  and  although  we  do  not 
doubt  that  crops  of  adequate  quantity  and  quality  could  be 
grown  in  suitable  localities,  and  in  some  seasons,  we  do  not 
believe  that  they  could  be  over  the  country  generally,  or  on  the 
average  of  seasons.  Then,  Mr.  D.  T.  Fish,  writing  in  the 
AgricuUural  Qaaette  asks :  "  Who  needs  experimental  plots  to 
prove  the  practicability  of  good  profitable  crops  of  sugar-beet  in 
our  soil  and  climate  ?  Assuredly  not  those  farmers  to  be  found 
in  thousands  on  both  sides  of  the  Tweed  who  can  grow  mangels, 
swedes,  or  turnips  to  almost  any  weight  from  20  to  40  tons  per 
acre  ?  "  So  far  as  the  experience  in  the  growth  of  the  different 
descriptions  of  feeding  roots  above  enumerated,  in  different 
parts  of  the  country,  is  concerned,  it  certainly  does  not  point  to 
the  conclusion  that  the  climate  of  Great  Britain  as  a  whole  is 
well  suited  to  grow  sugar-beet  for  the  economical  production  of 
sugar.  It  is  generally  recognised  that  feeding  mangels,  which 
are  closely  allied  to  the  sugar-beet,  thrive  the  best  in  the 
warmest  parts  of  England ;  and  they  are  very  little  grown  in 
Scotland. 

Those  who  have  thoroughly  studied  the  question  of  the  most 
suitable  temperature  for  the  growth  of  sugar-beet,  come  to  the 
conclusion  that  a  summer  mean  temperature  of  not  less  than 
70®  F.  is  desirable  to  ensure  success.  Dr.  H.  W.  Wiley, 
Chief  of  the  Division  of  Chemistry  of  the  Department  of 
Agriculture,  at  Washington,  says :  "  As  a  result  of  many  years' 
careful  experimentation,  it  may  be  said  that  as  far  as  tem- 
perature alone  is  concerned  the  sugar-beet  attains  its  greatest 
perfection  in  a  zone  of  varying  width  through  the  centre  of 
which  passes  the  isotherms^  Ime  of  70°  F.  for  the  months 
of  June,  July,  and  August."  He  then  describes  the  course 
of  this  isothermal  line,  and  says : — '^  Extending  a  distance  of 
100  miles  on  each  side  of  this  isothermal  line  is  a  belt  which, 
for  the  present,  may  be  regarded  as  the  theoretical  beet-sugar 
area  of  the  United  States."  Indeed,  the  area  in  the  United 
States  which  so  far  as  temperature  is  concerned  is  suitable  for 
the  growth  of  the  crop  for  the  manufacture  of  sugar,  points  to 
the  possibility  that  the  United  States  may  before  very  long 
produce  all  the  sugar  they  require ;  and  it  is  understood  that 
in  order  to  encourage  the  home-industry,  the  United  States 
Government  have  it  in  contemplation  to  put  a  Customs  duty 
on  imported  sugar  equivalent  to  the  bounties  granted  in  the 
countries  of  export. 
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How  far  even  the  East  and  South  of  England  are  from 
having  an  average  snmmer  and  antonm  mean  temperature  of 
70^  F.  may  be  judged  from  the  fignres  in  the  following 
Table  (VII.),  showing  the  average  mommum^  mimrnvm^  and 
vfhean  temperatureSy  at  Greenwich,  over  the  period  of  fifty  years 
firom  1841  to  1800,  in  each  of  the  months  of  Jane,  Jnly, 
Angost,  September,  October,  and  November. 

Table  VII. 


Temponitare 


Maziinuiii 
MiniTnpm 
Mean   . 


Jane 

July 

AnguBt 

Sept. 

October 

OF. 

°F. 

oj. 

cy^ 

°F. 

70-9 

74-0 

72-8 

67-3 

67-7 

49*9 

531 

63-0 

491 

43-3 

594 

62-5 

61*6 

57-2 

500 

November 
op 

48-8 
37-6 
432 


It  will  be  seen  that  although  the  months  of  June,  July,  and 
August,  show  an  average  maximum  temperature  of  more  than 
70^  F.,  and  September  not  3^  below  it,  the  highest  mecm  tem- 
peratures are — ^in  July  only  62*5^,  in  August  Gl'S"",  in  June 
59'4%  and  in  September  57*2^  F.  Not  a  single  month,  there- 
fore, approaches  to  an  average  mean  temperature  of  70^  F., 
whilst  that  of  September  is  less  than  60^,  and  that  of  October 
only  50°.  It  is  obvious,  therefore,  that  so  far  as  temperature  is 
concerned,  we  should  be  at  a  disadvantage  compared  with  other 
beetroot  sugar  producing  countries.  Nevertheless,  it  is  prob- 
able that,  in  the  majority  of  seasons,  sugar-beet  could  be  grown 
of  fair  quality  for  sugar-making  in  the  most  favourable  districts 
of  the  country,  which  would  be  in  the  eastern  and  southern 
counties.  Every  farmer  knows  the  importance  of  autumn 
growth  for  feeding  roots ;  but  October  is  often  a  rainy  month, 
little  suited  for  the  ripening  of  a  sugar  crop ;  whilst  sugar-beet 
would  be  very  liable  to  injury  from  early  frosts,  a  risk  which 
would  have  to  be  avoided  by  not  leaving  the  crop  out  too  long» 
even  if  the  growth  was  stiT.  ctctive.  An  important  means  of 
securing  early  maturity  is,  however,  the  growing  of  the  plants 
so  close  together  as  to  limit  luxuriance,  and  favour  ripening. 

Assuming  that  the  result  of  all  the  discussion  that  is  now 
taking  place  on  the  sugar-beet  question  were  the  formation  of 
companies  with  sufficient  capital  to  establish  sugar  factories  in 
some  of  the  most  promising  districts  for  the  growth  of  the  roots, 
it  is  probable  that  Norfolk  or  Suffolk  would  be  the  first  selected  as 
having  the  most  suitable  climate.  The  next  important  point 
would  be  to  select  soils  adapted  to  the  purpose,  which  should 
be  of  a  medium  character,  neither  too  heavy  nor  too  light. 
There  are  sufficient  areas  of  such  soils  in  the  counties  named  ; 
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but  the  difficulty  would  be  to  find  enough  ydthin  sufficiently 
easy  reach  of  a  factory.  Supposing  an  average  of  15  tons  of 
trimmed  roots  per  acre,  of  high  quaUly,  were  aimed  at,  it  would 
require  not  much  less  than  8,000  acres  to  supply  40,000  tons 
to  the  factory ;  though  it  is  doubtful  whether  so  much  of  high 
quality,  commandiug  the  highest  price^  would  be  obtained  on 
the  average  of  seasons.  Then,  as  sugar-beet  would  not  be 
grown  every  year,  and  perhaps  not  as  often  as  once  in  two  years, 
it  would  require  about  6,000  acres,  or  more,  according  to  the 
rotation  adopted,  to  be  devoted  to  the  purpose,  to  ensure  the 
necessary  supply  to  the  factory,  and  certainly  not  a  step  should 
be  taken  towards  the  establishment  of  a  factory  until  the  neces- 
sary supply  of  roots  had  been  assured.  It  is,  however,  probable 
that  for  some  time  at  any  rate,  the  company  would  themselves 
have  to  grow  a  considerable  quantity  of  tiie  beets  they  required. 
Further,  it  is  pretty  certain  that  it  would  require  an  offer  of  more 
than  188.  per  ton,  to  tempt  farmers  to  engage  to  grow  on  the 
average  sufficient  roots  of  the  high  quality  desired.  For,  as  has 
been  stated,  if  15  tons  of  trimmed  roots  had  to  be  supplied,  more 
than  15  tons  of  gross  produce  would  have  to  be  grown,  whilst 
it  is  doubtful  if  such  crops  would  on  the  average  be  rich  enough 
in  sugar ;  and  if  less  crops  had  to  be  grown  to  secure  good 
quality,  the  return  per  acre  to  the  farmer  would  be  so  much  the 
less. 

Obviously,  if  considerable  areas  of  land  were  devoted  to 
sugar-beet  in  the  localities  the  most  suitable  ajs  to  climate  and 
other  circumstances  for  its  growth,  and  factories  were  es- 
tablished for  the  manufacture  of  sugar  from  it,  there  would  be 
greatly  increased  employment  for  the  population ;  and  it  is  a 
question  whether  the  local  labour  of  the  districts  would  be 
adequate  for  the  autumn  work  in  the  fields,  and  subsequently 
for  that  required  in  the  working  of  the  factory.  In  fact, 
there  is  little  doubt  that  the  wages  of  the  locality  would 
rise. 

Reviewing  the  whole  of  the  facts  that  have  been  adduced, 
both  as  to  the  climate  and  other  conditions  essential  for  the 
production  of  sugar-beet  in  sufficient  quantity,  and  of  sufficient 
quality,  we  are  disposed  to  think  that  so  far  as  the  production  of 
the  roots  is  concerned,  it  could  only  be  a  success  over  compara* 
tively  limited  areas,  and  not  throughout  the  agricultural  districts 
of  Great  Britain  generally.  Then,  as  to  the  profits  of  the  sugar 
factories  if  established,  the  cost  to  the  companies  of  roots  of 
good  quality  would  pretty  certainly  be  more  than  has  been 
estimated ;  and  it  is  very  doubtful  whether,  with  the  present 
price  of  sugar  in  the  market,  adequate  profits  from  the  manu* 
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factnre  could  be  expected.  Sapposing  that  the  bounties 
granted  in  the  chief  beetroot  sugar  producing  countries  on  the 
Continent  of  Europe  on  the  export  of  sngar  were  either 
abolished  or  considerably  reduced,  the  price  of  sugar  would 
probably  rise  in  our  own  country,  but  whether  sufficiently  to 
ensure  the  success  of  sugar-beet  growing,  and  of  sugar 
factories  established  here  on  a  considerable  scale,  may  be 
doubted. 

In  writing  upon  the  subject  of  Allotments  and  Small 
Holdings  ^  some  years  ago,  we  pointed  out  that  by  reason  of  our 
less  favourable  climate  we  suffered  under  disadvantages  compared 
with  some  continental  countries  in  the  profitable  production  of 
certain  industrial  and  market  garden  crops,  and  other  products, 
which  occupied  the  labour  of  small  holders  on  the  Continent. 
In  what  we  have  now  said  as  to  the  growth  of  sugar-beet,  and 
the  production  of  sugar  from  it,  in  this  country,  we  can,  of 
course,  have  no  wish  to  discoarage  an  enterprise  which,  if  suc- 
cessful, would  not  only  contribute  to  the  increased  prosperity  of 
our  agriculture,  but  would  add  to  our  manufacturing  industries. 
But,  having  been  asked  to  write  upon  the  subject,  we  felt  it  in- 
cumbent upon  us  to  endeavour  to  supply  such  information  as  we 
were  able,  on  various  points,  especially  with  regard  to  the  es- 
sential conditions  for  the  successful  growth  of  a  sugar-crop,  at 
the  same  time  not  overlooking  the  commercial  aspects  of  the 
subject.  Our  object  has,  in  fact,  been,  as  far  as  possible,  to  aid 
those  who  are  disposed  to  consider  the  question  to  form  a 
reasonable  judgment  on  the  probabilities  of  success.  It  is,  we 
think,  at  any  rate  clear  that,  if  the  sugar-beet  industry  is  to  be 
established  with  any  prospect  of  success,  great  caution  should  be 
exercised  in  the  choice  of  the  locality  or  localities,  and  that  the 
undertakings  should,  in  the  first  instance,  be  limited  in  number 
and  confined  to  the  most  suitable  localities.  Should  success  in 
these  accrue,  the  enterprise  could  easily  be  extended,  for  capital 
is  never  wanting  in  this  country  for  any  undertaking  which  has 
a  fair  prospect  of  success. 

John  Bexnet  Lawes. 

J.  Henby  Gilbert. 

Bothamsted. 

r— I   I      II  — * 

*  Journal  B.A.S.E.,  3rd  series,  vol.  ill.  1892,  pp.  439-463. 


ruixTKu  isr 

8F0TTX8W00DI   AXD  Ca,    KKir<8T&KZT   SQUAltl 

XjONDOX 


THE 


WORLD'S   WHEAT   SUPPLY 


BY 

Sm  JOHN  BENNET  LAWES,  Babt.,  D.C.L.,  ScD.,  P.R.S. 

AND 

sm  J.  HENEY  GILBERT,  LL.D.,  So.D.,  F.R.S. 


Beprint  of  Letter  in  The  Times,  December  2,  1898 


|!rintrb  bs 
SPOTTISWOODE   &   CO.,   NEW- STREET   SQUARE,   LONDON 

1898 


THE  WORLDS  WHEAT  SUPPLY. 
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The  President  of  the  British  Association  is  always  selected 
for  that  distinguished  position  on  account  of  his  great 
scientific  attainments.  When  the  present  President,  Sir 
William  Grookes,  startled  his  audience  at  the  late  meeting 
of  the  Association  at  Bristol,  by  telling  them  that — "  England 
and  all  civilised  nations  stand  in  deadly  peril  of  not  having 
enough  to  eat " — we  may  feel  sure  that  not  only  would  his 
hearers  be  startled,  but  that  the  alarm  would  spread  over  the 
civilised  world.  Having  ourselves  paid  considerable  attention 
to  the  subject  of  the  home  and  foreign  production  of  wheat, 
we  have  several  times  been  asked  to  say  something  on  the 
momentous  question  raised  by  Sir  William  Crookes.  In 
complying  with  the  request,  we  should  at  the  outset  say,  that 
we  do  not  propose  to  criticise  in  any  detail  Sir  William 
Crookes's  statistics,  but  only  to  call  attention  to  some  points, 
the  consideration  of  which  it  is  of  importance  to  bear  in 
mind. 

No  one  can  deny  Sir  William  Crookes*s  statement  that 
— "  land  is  a  limited  quantity."  But  his  further  statement 
that — **  as  mouths  multiply,  food  resources  dwindle  " — is  more 
open  to  question.  Sir  William  Crookes  first  considers  what 
will  be  the  position  of  this  country  under  "the  universal 
dearth  to  be  expected."  He  seems  to  think  that  we  must  for 
the  future  depend  more  on  our  own  resources,  and  less  upon 
imports  for  the  wheat  required  to  feed  our  population.    He 
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says — ^'  A  total  area  of  land  in  the  United  Kingdom  equal  to 
a  plot  110  miles  square,  of  quality  and  climate  sufficient  to 
grow  wheat  to  the  extent  of  29  bushels  per  acre,  does  not 
seem  a  hopeless  demand."  He  further  points  out,  that  the 
area  thus  required  is  about  one-tenth  of  the  total  area  of  the 
United  Kingdom.  On  this  point  it  is  to  be  borne  in  mind 
that  the  total  area  (77,672,816  acres)  includes  land  and  water, 
and  uncultivated  as  well  as  cultivated  land ;  whilst,  according 
to  official  statistics,  there  were  in  1897  only  19,943,848  acres 
of  arable  land,  and  27,924,710  acres  of  permanent  grass, 
making  together  only  47,868,558  acres  available  for  agricul- 
tural purposes  out  of  the  total  area  of  77,672,816  acres.  Sir 
William  Crookes,  however,  expresses  doubt  whether  the  amount 
of  land  supposed  could  be  kept  under  wheat,  except  under 
the  imperious  pressure  of  impending  starvation,  or  the 
stimulus  of  a  national  subsidy,  or  permanent  high  prices ; 
and  he  assumes  that  all  the  land  now  under  barley  and  oats 
would  not  be  suitable  for  wheat,  and  that  for  the  present  our 
annual  deficit  must  be  imported. 

As  the  question  whether  or  not  the  United  Kingdom  could 
grow  enough  wheat  for  its  population  is  one  to  which  we 
have  paid  a  good  deal  of  attention,  and  on  which  we  have 
published  our  opinion  more  than  once,  it  may  be  well  briefly 
to  summarise  it^here.  Taking  Sir  William  Grookes's  estimate 
of  the  amount  of  land  required  for  this  purpose  to  be  about 
8  million  acres,  the  argument  at  the  present  time  would  be 
somewhat  as  follows  : — As  above  stated,  the  total  arable  area 
of  the  United  Kingdom  was,  in  1897,  rather  under  20  million 
acres,  so  that  the  above  requirement  for  the  growth  of  wheat 
would  absorb  about  two-fifths  of  the  existing  total  arable  area 
of  the  country ;  and  such  a  scheme  would  obviously  soon 
require  more.  Our  dependence  on  foreign  produce  would, 
however,  not  thus  be  lessened  j  for  we  should  have  to  depend 
on  imports  to  supply  the  place  of  the  other  grain  crops,  and 
the  stock  foods,  displaced  by  the  devotion  of  so  much  more 
land  to  wheat.  Or,  if  the  area  at  present  devoted  to  these 
other  crops  were  to  be  maintained  as  at  present,  the  total 
arable  area  would  have  to  be  increased  to  the  extent  of  the 
increase  in  the  area  under  wheat,  thus  trenching  on  the  land 
now  devoted  to  permanent  grass.    It  is  obvious  that  under 


such  circumstances  our  live  stock  would  have  to  be  reduced, 
and  our  imports  of  live  animals  and  meat  very  much 
increased.  Such  would  be  the  case  with  our  present  popula- 
tion, to  say  nothing  of  continued  increase,  and  of  the  fact 
that  there  is  proportionally  very  httle  possible  increase  in  our 
own  food-producing  area.  In  any  case,  therefore,  a  material 
increase  in  our  own  area  under  wheat  would  not  reduce  the 
imports  requisite  to  meet  the  food  requirements  of  the  people, 
but  would  only  substitute  those  of  wheat  for  those  of  barley, 
oats,  stock  foods,  or  meat,  or  all  of  these.  This  is  assuming 
that  the  change  proposed  were  to  be  a  permanent  one.  But 
if  it  were  to  be  only  temporary  to  meet  the  exigencies  of  war, 
or  of  dearth  in  other  countries,  the  circumstances  of  the  time 
would  indicate  what  derangement  of  our  agricultural  system 
would  yield  the  most  food,  and  be  the  least  objectionable. 

Sir  William  Crookes  dismisses  the  subject  of  our  own 
home  production  with  the  remark  that — "  We  eagerly  spend 
millions  to  protect  our  coasts  and  commerce ;  and  millions 
more  on  ships,  explosives,  guns,  and  men ;  but  we  omit  to 
take  necessary  precautions  to  supply  ourselves  with  the  very 
first  and  supremely  important  munition  of  war — food."  It 
is  rather  hard  thus  to  be  told  that  we  are  negligent  upon  the 
important  subject  of  our  food  supply,  when,  up  to  the  time 
of  the  Bristol  meeting,  the  remedy  had  been  locked  up  in  Sir 
William  Crookes's  brain!  The  truth  is,  that  we  produce 
more  per  acre  of  every  staple  food  suited  to  our  soil  and 
climate,  than  any  other  country  in  the  world.  But  we  have 
a  greater  population  in  proportion  to  our  cultivable  area  than 
any  other  country  in  Europe ;  and  it  is  simply  impossible  to 
provide  the  food  required  without  very  large  importation.  In 
fact,  it  would  require  very  extensive  emigration  to  bring  down 
our  population  within  the  limits  of  our  own  possible  food 
supply. 

Sir  William  Crookes  next  reviews  the  capabilities  of  the  world 
in  the  future  for  the  production  of  wheat.  He  says : — "  For 
the  last  thirty  years  the  United  States  have  been  the  dominant 
factor  in  the  foreign  supply  of  wheat.  .  . ."    And  further: — 

Almost  yearly,  since  1885,  additions  to  the  wheat-growing  area  have 
diminished,  whUe  the  requirements  of  the  increasing  population  of  the  States 
have  advanced,  so  that  the  needed  American  supplies  have  been  drawn  from 
the  acreage  hitherto  used  for  exportation.     Practically  there  remains  no 


uncultiTated  prairie  land  in  the  United  States  suitable  for  wheat-growing.  The 
viigin  land  has  been  rapidlj  absorbed,  until  at  present  there  is  no  land  left 
for  wheat  without  reducing  the  area  for  maize,  hay,  and  other  neoessaxy 
crops.  It  is  almost  certain  that  within  a  generation  the  ever  increasing  popu- 
lation of  the  United  States  will  consume  all  the  wheat  grown  within  its 
borders,  and  will  be  driven  to  import,  and,  like  ourselves,  wiU  scramble  for 
a  lion's  share  of  the  wheat  crop  of  the  world.  This  being  the  outlook,  ex- 
ports of  wheat  from  the  United  States  are  only  of  present  interest,  and  will 
gradually  diminish  to  a  vanishing  point. 

And: — 

But  if  the  United  States,  which  grow  about  one-fifth  of  the  world*s  wheat, 
and  contribute  one-third  of  all  wheat  ezportations,  are  even  now  dropping 
out  of  the  race,  and  likely  soon  to  enter  the  list  of  wheat-importing  oonntries, 
what  prospect  is  there  that  other  wheat-growing  countries  will  be  able  to  fill 
the  gap,  and,  by  enlarging  their  acreage  under  wheat,  replace  the  supply 
which  the  States  have  so  long  contributea  to  the  world's  food  7 

First,  as  to  the  statement  that  additions  to  the  wheat- 
growing  area  in  the  United  States  have  diminished  ahnost 
3'early  since  1885.  As  a  matter  of  fact,  the  area  has  distinctly 
diminished  during  the  last  four  of  the  eleven  years  1886-96  ; 
but  in  1891  it  was  the  highest  ever  reached,  in  1889  and  in 
1892  much  higher  than  the  average,  and  in  six  of  the  eleven 
years,  commencing  with  1886,  it  was  more  than  the  average 
of  that  period.  That  the  area  should  not  have  shown  more 
continued  increase  since  1685  is  what  would  be  expected  from 
the  fact  that  it  is  just  about  from  that  date  that  the  price  of 
wheat  has  gone  down  so  disastrously  to  the  producer ;  con- 
ditions potently  adverse  to  the  extension  of  the  area  of 
production.* 

As  to  the  United  States  already  falling  out  of  the  race, 
notwithstanding  their  increasing  population,  their  exports  of 
wheat  were,  on  the  average  of  the  last  five  years,  to  1896-97 

>  In  reference  to  the  above  statements,  which  only  come  down  to  1896,  it 
may  be  added  that  according  to  the  official  returns,  the  average  area  over  the 
four  years  of  crop,  1893, 1894, 1895,  and  1896,  was  only  34,644,458  acres.  The 
officially  re  vised  figure  for  the  crop  of  1897,  after  a  special  investigation  made  at 
the  close  of  the  harvest^  is,  however,  as  quoted  in  The  Journal  ^  the  Board  of 
AgrictiUure^  39,465,000  acres ;  but  the  Statistician  states,  that  no  satisfactory 
comparison  can  be  made  between  this  acreage  in  1897,  and  that  for  1896,  as 
it  is  believed  that  the  returns  for  earlier  years  were  under-estimated.  Then, 
for  the  crop  of  1898,  the  area  is  provisionally  estimated  at  43,000,000  acres; 
though  it  is  said  that  the  figure  stiU  awaits  final  confirmation.  Supposing, 
however,  the  record  for  1897  to  be  correct,  and  that  for  1898  approximately 
so,  it  may  be  stated  that  the  area  for  1897  has  only  been  exceeded  twice 
before,  and  then  only  to  a  small  extent ;  whilst  that  for  1898  would  be  more 
than  3,000,000  acres  over  any  previous  year.  At  any  rate,  it  is  admittedly 
very  probable  that  the  areas  recorded  for  the  immediately  preceding  years 
are  too  low,  and  it  is  certain  that  those  for  both  1897  and  1898,  show  a  very 
great  increase. 


inclusive,  over  8,000,000  quarters  (=24,000,000  bushels) 
more  per  annum  than  over  either  of  the  two  preceding  quin- 
quennial periods.  It  is  true  that  the  area  of  suitable  land 
yet  remaining  to  be  brought  in  for  the  crop  is  comparatively 
not  large ;  but  there  is  a  very  wide  scope  for  an  increase  of 
produce  per  acre.  It  should  be  remembered  that  a  large  pro- 
portion of  the  area  brought  under  cultivation  in  recent  years 
for  the  production  and  export  of  wheat,  consists  of  rich  prairie 
land,  notwithstanding  which  the  average  yield  per  acre  of  the 
United  States  as  a  whole  is  only  between  12  and  13  bushels, 
against  more  than  twice  as  much,  about  28  bushels,  the 
average  produce  under  ordinary  cultivation,  of  the  very  much 
poorer  lands  of  the  United  Kingdom.  Again,  the  unmanured 
plot  of  the  comparatively  poor  soil  of  the  permanent  experi- 
mental wheat  field  at  Bothamsted,  has  yielded  an  average  of 
more  than  13  bushels  per  acre  per  annum  over  fifty  consecu- 
tive years — that  is,  rather  more  than  the  average  of  the 
whole  of  the  United  States,  including  so  much  rich  prairie 
land,  and  also  rather  more  than  the  estimated  average  of  the 
whole  of  the  wheat  lands  of  the  world.  Yet  it  is  alleged  by 
some  that  the  wheat  lands  of  the  United  States  are  already 
showing  exhaustion. 

How  are  these  facts  to  be  accounted  for  ?  The  wheat  pro- 
duced in  ordinary  agricultural  practice  on  the  comparatively 
poor  lands  of  the  United  Kingdom,  is  grown  in  rotation,  the 
land  is  comparatively  well  cultivated,  and  it  is  kept  compara- 
tively free  from  weeds.  In  the  case  of  the  growth  of  an 
average  of  more  than  13  bushels  per  acre  for  fifty  years  in 
succession  without  manure  at  Eothamsted,  the  land  has  been 
kept  as  free  from  weeds  as  is  possible.  On  the  other  hand, 
most  of  the  export  lands  of  the  United  States  are  scarcely 
more  than  skimmed  by  the  plough,  scarcely  any  labour  is 
bestowed  on  cleaning,  weeds  largely  rob  the  fertility,  the 
straw  and  weeds  are  to  a  great  extent  burnt,  and  manure  is 
often  wasted.  These  are  certainly  conditions  well  calculated 
to  reduce  fertility  rapidly.  But,  considering  the  original  cha- 
racter of  a  large  portion  of  the  land,  much  of  which  has  not 
been  broken  up  so  long  as,  or  more  than,  twenty  years,  it 
is  impossible  to  believe  that  the  wheat-growing  areas  of 
the    United  States,  which  are  said  to  be  already  showing 
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exhaustioD,  would  not,  with  good  cultivation,  yield  large  crops 
for  many  years  yet ;  for  it  is  not  bo  much  reduction  or  de- 
ficiency of  fertility,  but  failure  to  utilise  the  existing  fertility, 
that  is  the  cause  of  the  restricted  yield.  Improvement  in  this 
respect  can,  however,  only  be  attained  by  an  increased  expen- 
diture of  both  capital  and  labour.  Upon  the  whole,  we  think 
there  is  no  doubt  that  there  still  exists  in  the  United  States 
great  inherent  capability  of  production  of  wheat,  not  only  for 
home  consumption,  but  for  export  also,  for  many  years  to 
come. 

As  to  Eussia,  which  comes  second  to  the  United  States  as 
a  wheat  exporter.  Sir  William  Crookes  says  that  the  great 
supply  is  merely  provisional  and  precarious.  He  speaks  of 
the  development  of  the  fertile,  though  somewhat  over-rated 
black  earth  as  progressing  rapidly.  But  he  adds  that — "  the 
consumption  of  bread  in  Bussia  has  been  reduced  to  danger 
point.  The  peasants  starve  and  fall  victims  to  *  hunger 
typhus,'  whilst  the  wheat-growers  export  grain  that  ought  to 
be  consumed  at  home."  At  the  same  time,  he  admits  that 
the  yield  per  acre  is  extremely  low.  As  to  the  low  produce 
of  the  black  earth,  which  is  very  low  indeed,  much  the  same 
argument  is  applicable  as  in  the  case  of  the  low  produce  of 
the  rich  prairie  soils  of  the  United  States.  For  want  of 
proper  cultivation  the  rich  Russian  soils  yield  much  less  per 
acre  than  such  soils  should  do,  and  there  can  be  no  doubt 
that,  if  properly  cultivated,  they  would  yield  food  for  the 
population  and  to  spare. 

With  regard  to  Canada,  Sir  William  Crookes  speaks  of — 
"  the  extent  and  marvellous  capacity  of  the  fertile  plains  of 
Manitoba  and  the  North-West  Provinces."  But  in  his  appen- 
dix he  says :— **  The  most  trustworthy  estimates  give  Canada 
a  wheat  area  of  not  more  than  six  millions  of  acres  in  the 
next  12  years,  increasing  to  a  maximum  of  12  millions  of  acres 
in  25  years."  He  adds  that  the  development  of  this  area 
must  necessarily  be  slow,  as  the  population  is  wanting  to 
supply  the  needful  labour  at  seed-time  and  harvest ;  whilst  as 
population  increases,  so  do  home  demands  for  wheat.  He 
further  adds  that  thus  far  performance  had  lagged  behind 
promise,  the  wheat-bearing  area  of  all  Canada  having 
increased  comparatively  little,  and  the  exports  not  in  greater 
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proportion.  Of  course,  the  above  are  only  estimates  of  the 
probable  development  under  existing  conditions ;  but  the 
evidence  at  command  is  to  the  effect  that  very  much  more 
than  is  here  supposed  is  available  for  the  crop  whenever 
circumstances  show  that  it  would  be  profitable  to  devote  it  to 
the  purpose-  On  these  points  Mr.  Sydney  C.  D.  Eoper,  who 
is  officially  connected  with  the  subject  at  Ottawa,  speaks  of — 
"  the  existence  in  the  North- West  of  the  finest  undeveloped 
wheat  fields  in  the  world/'  He  adds,  however,  that  at 
present  the  population  is  lacking,  as  also  are  lacking  the 
immediate  inducements  to  immigration,  though  a  marked 
advance  in  wheat  values  would  probably  supply  both  the  one 
and  the  other.  He  at  the  same  time  recognises  that  the 
appreciation  of  prices,  when  it  comes,  is  not  likely  to  be 
lasting.  Lastly,  in  regard  to  the  non-extension  of  area  in 
Canada  under  existing  circumstances,  it  is  said  that  it  is 
actually  in  contemplation  to  appeal  to  farmers  to  reduce  their 
acreage  under  wheat  in  order  to  check  over-production. 

So  much  for  the  probable  prospective  capabilities  for 
wheat  production  of  the  United  States,  Eussia,  and  Canada. 
But  it  is  safe  to  assert  that  there  are  very  large  areas  suitable 
for  the  growth  of  the  crop  in  other  countries  of  (jhe  world, 
which  have  as  yet  been  opened  up  only  very  partially,  or  not 
at  all.  In  some  cases  the  necessary  population  and  labour 
are  wanting,  in  some  cheaper  transport,  in  some  irrigation  is 
required,  and  in  some  more  than  one  of  these  necessary  con- 
ditions of  success  are  wanting.  With  the  low  prices  of  recent 
years,  however,  which  indicate  that  the  supply  is  equal  to  the 
demand,  rapid  development  was  not  to  be  expected.  But 
there  is  no  reason  to  doubt  that,  with  remunerative  prices,  the 
obstacles  to  progress  above  referred  to  would  be  gradually 
overcome,  and  that  the  area  of  production  would  increase  con- 
currently with  the  demand.  In  fact,  the  little  extension  of  the 
area  of  production  throughout  the  world  generally  in  recent 
years  is  to  be  attributed  to  non-remunerative  prices,  and  is 
not  to  be  interpreted  as  indicating  that  we  are  approaching 
the  limit  of  the  available  land  of  the  world  for  the  growth  of 
the  crop. 

The  dependence  of  the  available  supply  of  wheat  on  its 
market  value  may  even  be  illustrated  by  what  has  taken 
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place  within  the  present  year.  Sir  William  Crookes  says 
that  in  April  last  the  world's  visible  supply  amounted  to 
10,000,000  bushels  (=1^  million  quarters)  less  than  in  1897 
at  the  same  date.  We  may  add  that  it  was  estimated  by 
some  that  the  supply  up  to  the  end  of  the  harvest  year  must 
run  short  of  the  demand,  and  that  therefore  a  further  rise 
of  price  was  to  be  expected.  As  a  matter  of  fact,  there  was 
a  considerable  rise  of  prices,  due  more  to  the  artificial  con- 
ditions bringing  about  the  Leiter  boom,  than  to  the  natural 
effect  of  supply  and  demand.  The  rise  had,  however,  for  its 
result,  the  bringing  out  of  a  great  increase  of  supply.  Thus, 
from  the  beginning  of  March  to  the  end  of  the  harvest  year 
(the  end  of  August),  the  imports  of  wheat  into  this  country, 
though  they  had  previously  been  less  than  in  1896-97,  were 
this  year,  notwithstanding  the  alleged  deficiency  of  1^  million 
quarters  in  April,  nearly  2  million  quarters  more  than  in 
1897  over  the  same  period.  Concurrently,  however,  from  the 
middle  of  June  the  price  gradually  declined,  reaching  the 
lowest  point  within  the  twelve  months  at  the  end  of  the  har- 
vest year ;  and  it  has  gone  lower  still  since.  This  illustration 
of  the  effect  of  price  in  bringing  supplies  of  wheat  into  the 
market  is,  it  is  true,  one  of  only  temporary  and  exceptional 
influence. 

With  regard  to  the  climatic  conditions  essential  for  the 
successful  growth  of  wheat.  Sir  William  Crookes  says: — "The 
ripening  of  wheat  requires  a  temperature  averaging  at  least 
65  deg.  F.  for  55  to  65  days.*'  If  such  were  the  case,  we 
fear  that  so  far  from  increasing  our  own  area  under  the  crop, 
we  should  have  to  reduce  it.  Thus,  in  neither  of  the  five  dis- 
tricts into  which  the  wheat-growing  area  of  Great  Britain  is 
divided,  has  either  July  or  August,  our  two  hottest  months, 
shown  that  mean  temperature  in  any  one  of  the  last  twelve 
years,  of  higher  than  average  produce ;  whilst  the  average 
mean  temperature  over  the  five  districts  collectively,  has  only 
reached  or  exceeded  60  deg.  P.  in  four  of  those  twelve  years 
in  July,  and  in  only  four  years  in  August.  Further,  it  may 
be  stated  that,  at  Greenwich,  the  mean  temperature  over  the 
50  years,  from  1841  to  1890  inclusive,  was  only  62*5  deg.  for 
July,  and  ohly  61 '6  deg.  for  August ;  whilst  the  mean  tem- 
perature of  55  to  65  days  would  be  below  62-0  deg.  F.    It 
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may  be  added  that,  with  the  exception  of  1868  and  1894,  the 
heaviest  crop  of  wheat,  both  grain  and  straw,  grown  in  Great 
Britain  during  the  last  50  years,  was  in  1854 ;  the  season  of 
which  was  described  as  follows: — After  a  favourable  seed 
time,  the  winter  was  unuBuaUy  severe;  the  early  spring  was 
favourable,  but  was  succeeded  by  cold  and  unseasonable 
weather  until  the  middle  of  July,  from  which  time  until  har- 
vest, the  period,  though  changeable,  included  some  fine 
maturing  and  harvest  weather.  The  harvest  was,  however, 
late.  Further,  the  mean  temperature  at  Greenwich  was,  in 
June,  8  deg.  below  the  average,  whilst  in  July  it  was  only 
61'0  deg.,  aijid  in  August  only  61*1  deg.  P. 

Sir  William  Crookes  places  very  little  reliance  on  the 
extension  of  the  wheat-growing  area  of  the  world.  His  remedy 
is  in  an  increase  in  the  yield  per  acre  of  the  world's  crop ; 
and  he  proposes  that  it  should  be  raised  from  12*7  bushels  as 
at  present,  to  twenty  bushels  per  acre ;  thus  adding  to  the 
world's  annual  crop  nearly  150,000,000  qrs.  on  the  present 
area.  Referring  to  our  experiments  on  the  continuous  growth 
of  wheat,  he  selects  a  plot  on  which  nitrate  of  soda,  with  a  full 
mineral  manure  in  addition,  had  been  employed  for  a  number 
of  years  in  succession,  and  from  the  results  he  calculates  that 
it  would  require  22*86  lbs.  nitrate  of  soda  to  produce  an 
increase  of  one  bushel  of  wheat.  Accordingly,  he  reckons  that 
to  increase  the  world's  crop  by  7'8  bushels  per  acre,  it  would 
require  the  annual  application  of  1^  cwt.  of  nitrate  of  soda 
per  acre  annually.  Thus,  on  his  estimate  of  168,000,000  acres 
under  the  crop,  it  would  require  12,000,000  tons  of  nitrate 
annually  to  be  distributed  in  varying  amounts  over  the  wheat- 
growing  countries  of  the  world ;  those  which  produce  more 
than  the  average  of  12*7  bushels  requiring  less,  and  those 
below  that  average  requiring  more.  Broadly  speaking,  how- 
ever, about  12,000,000  tons  of  nitrate  will  be  required  annually, 
in  addition  to  the  1,250,000  tons  already  absorbed  by  the 
world  for  various  crops. 

Sir  William  Crookes  proposes  to  manufacture  the  nitrate 
of  soda  required  by  his  calculation,  by  oxidating  the  free 
nitrogen  of  the  air  by  means  of  electricity,  and  he  calculates 
that,  by  employing  water  power  to  generate  the  electricity, 
nitrate  of  soda  could  be  produced  for  £5  per  ton,  and  that  the 
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Falls  of  Niagara  are  capable  of  supplying  the  required  energy 
mthout  much  lessening  their  mighty  flow.  It  may  be  men- 
tioned here,  that  many  years  ago^  when  nitrate  of  soda  had 
risen  to  an  exorbitant  price,  one  of  us  paid  a  visit  to  the  late 
Sir  Benjamin  Brodie,  who  was  carrying  out  experiments  on 
the  production  of  ozone  by  means  of  electricity,  to  obtain  his 
opinion  on  the  practicability  of  the  production  of  nitrate  of 
soda  by  its  agency.  His  conclusion  was  that  there  would  be 
no  difficulty  about  such  production,  but  that  the  cost  would 
be  too  great.  As  we  have,  from  1852  up  to  the  present  time, 
grown  very  much  larger  crops  of  wheat  every  year  than  the 
proposed  twenty  bushels  per  acre  the  world  over,  by  means  of 
liberal  applications  of  nitrate  of  soda  in  conjunction  with  the 
necessary  mineral  constituents,  we  have  not  only  no  objections 
to  raise  against  Sir  William  Grookes's  proposal,  but  we  should 
consider  a  cheap  supply  of  nitrate  to  be  a  very  great  boon  to 
the  agricultural  world.  Whether,  however,  an  average  of 
twenty  bushels  per  acre  would  be  obtained  year  after  year 
the  world  over,  by  the  annual  application  of  12,000,000  tons 
of  nitrate  of  soda,  we  very  much  doubt.  Sir  William  Crookes 
himself  warns  us  that — "  When  we  apply  to  the  land  nitrate  of 
soda,  sulphate  of  ammonia,  or  guano,  we  are  drawing  on  the 
earth's  capital,  and  our  drafts  will  not  perpetually  be 
honoured."  In  fact,  if  the  nitrate  were  used  alone  year  after 
year,  the  available  mineral  constituents  would  soon  show 
deficiency.  Further,  not  only  does  the  wheat  crop  thrive  upon 
nitrate,  but  all  the  miscellaneous  vegetation  which  infests  our 
fields  under  the  name  of  weeds,  fights  desperately  for  a  share 
of  this  food,  and  it  is  only  by  a  large  and  costly  expenditure 
of  labour  that  we  can  keep  our  fields  clean  enough  to  grow  our 
grain  crops.  It  is  doubtless  partly  for  this  reason  that  much 
of  the  nitrate  of  soda  used  is  employed  for  '^  cleaning-crops," 
roots,  &c.  It  is  also  used  for  grass,  and  for  spring  crops  such 
as  barley  or  oats,  rather  than  for  wheat ;  as  they  are  more 
easily  kept  free  from  weeds  than  the  autun:m-80wn  wheat. 
Owing  to  the  conditions  of  insufficient  labour  under  which 
many  of  the  wheat  crops  of  the  world  are  grown,  it  is  quite 
possible  that  the  application  of  nitrate  might  in  some  cases 
result  in  less  rather  than  larger  crops;  but  probably  the 
systems  of  farming  may  be  improved   before  the  Falls  of 
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Niagara  furnish  the  world  with  12,000,000  tons  of  nitrate 
of  soda  annually. 

It  will  be  of  interest  briefly  to  compare  the  composition  of 
some  typical  soils,  so  far  as  their  richness  in  certain  important 
elements  of  fertility  is  concerned.  The  carbon-compounds  of 
our  crops,  such  as  the  starch  of  grain  crops  and  potatoes, 
the  sugar  of  the  sugar-cane  and  of  roots,  &c.,  derive  their 
carbon  either  mainly  or  exclusively  from  the  atmosphere,  and 
not  from  the  soil.  We  will  therefore  confine  attention  to 
some  illustrations  of  the  amounts  of  nitrogen,  potash,  and 
phosphoric  acid,  in  our  own  soil  compared  with  some  rich 
prairie  lands,  and  some  rich  Bussian  soils.  In  the  case  of 
our  own  soils,  we  have  determinations  of  the  nitrogen  down 
to  a  considerable  depth — sometimes  to  twelve  times  9  in.,  or 
108  in.  in  all ;  and  we  have  found  that  "Bome  deep-rooting 
leguminous  plants  send  their  roots  down  to,  and  draw  nitrate 
from,  that  depth.  In  the  case  of  Canadian  and  Bussian  soils, 
however,  we  have  only  results  for  much  less  depths.  Again, 
in  the  case  of  our  own  soils,  the  results  for  potash  and  phos- 
phoric acid  only  relate  to  the  three  upper  depths  of  9  in. 
each,  or  27  in.  We  will  therefore  limit  our  illustrations  to  a 
comparison  of  the  amounts  of  the  three  constituents  in  the 
different  soils,  to  a  depth  of  12  in.  only. 

First,  as  to  the  amounts  of  nitrogen  per  acre : — 

Bothamsted  unmanured  wheat  plot 8,189  lb.  nitrogen ; 

corresponding  to  20,058  lb.  nitrate  of  soda. 

Average  of  four  Manitoba  soils 10,458  lb.  nitrogen; 

corresponding  to  66,824  lb.  nitrate  of  soda. 

Average  of  five  Bussian  soils 11,207  lb.  nitrogen; 

corresponding  to  71,609  lb.  nitrate  of  soda. 

Thus,  even  in  the  poor  Bothamsted  soil,  the  amount  of 
combined  nitrogen  is  very  large ;  but,  to  the  same  depth,  the 
quantity  is,  on  the  average,  more  than  three  times  as  much 
in  the  four  Manitoba  soils,  whilst  the  Bussian  soils  are  richer 
still.  These  great  stocks  of  nitrogen  exist  in  the  soils  as 
organic  nitrogen,  and  as  such  are  very  insoluble ;  but  the 
nitrogen  is  gradually,  though  very  slowly,  oxidated  into  nitric 
acid,  which  forms  with  lime,  soda,  or  other  bases  in  the  soil, 
very  soluble  salts,  in  which  state  the  nitrogen  becomes  avail- 
able to  vegetation.    It  is  estimated  that  the  unmanured 
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Bothamsted  wheat  soil  yields  up  an  average  of  not  more  than 
from  20  to  25  Ib.^of  nitrogen  per  acre  annnallyy  notwithstand- 
ing that  to  the  depth  of  12  in.  it  contains  8,189  lb.,  cor- 
responding to  20,058  lb.  of  nitrate  of  soda;  whilst  to  a 
depth  of  90  in.,  or  7^  ft.  it  contains  about  15,000  lb.,  cor- 
responding to  about  96,000  lb.  of  nitrate  of  soda.  In  other 
fields  where  samples  have  been  taken  down  to  twelve  times 
9  in.,  or  108  in.,  from  15,000  lb.  to  20,000  lb.  of  nitrogen 
have  been  found  to  be  present  down  to  that  depth.  Further, 
experiments  in  the  Bothamsted  Laboratory  indicate  that  a 
larger  proportion  of  the  total  nitrogen  is  readily  soluble  in 
rich  garden  soil,  and  in  permanent  meadow  soil,  than  in  the 
ordinary  arable  soil  at  Bothamsted.  There  can,  in  fact,  be 
no  doubt  that  under  favourable  conditions  of  cultivation  the 
rich  United  States,  Canadian,  and  Bussian  soils,  would  yield 
up  very  much  more  nitrogen  in  an  available  form  than  they 
have  done  hitherto,  and  also  very  much  more  than  the  poorer 
Bothamsted  soil.  Indeed,  even  under  existing  conditions,  the 
Canadian  soils  do,  on  the  average,  yield  about  1^  time  as 
much  wheat  per  acre  as  either  the  Bothamsted  unmanured 
soil,  or  the  average  of  the  United  States  soils.  The  conclusion 
must  be  that  the  United  States  soils,  especially  the  rich 
prairie  soils,  are  capable  of  yielding  much  more  wheat  than 
they  do. 

Then  as  to  the  potash  and  phosphoric  acid : — ^We  have 
no  results  relating  to  these  for  the  Canadian  soils,  none 
relating  to  the  Bothamsted  soil  below  27  in.,  and  none 
relating  to  the  Bussian  to  much  more  than  12  in.  The 
following  is,  however,  a  comparison  of  the  total  amounts  (as 
determined  by  strong  acid),  in  the  Bothamsted  unmanured 
wheat  soil,  and  (on  the  average)  in  the  five  Bussian  soils,  in 
each  case  reckoned  to  the  depth  of  12  in. : — 


Ibi.  per  Acre 

I 


Potash  Pbotphorie  Add 


Bothamsted  Unmanured  Wheat  soil 
Average  of  5  Bassian  soils  . 


8,687 
61,229 


8,963 
5,898 


Thus,  there  is  to  a  depth  of  12  in.,  about  seven  times  as 

>  Perhaps  it  would  be  bett^  to  say  20  to  30  lb  according  to  season. 
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much  potash,  and  about  one  and  a  third  time  as  much  phos- 
phoric acid,  in  the  rich  Bassian,  as  in  the  poor  Eothamsted 
soil.  These  constituents,  in  the  condition  in  which  they  exist 
in  soils,  are,  however,  like  the  nitrogen,  only  slowly  rendered 
ayailable  for  vegetation. 

We  have  not  similar  particulars,  either  for  other  Canadian 
soils,  or  for  any  United  States  prairie  soils.  We  have,  how- 
ever, the  percentages  of  nitrogen  in  other  Canadian  soils,  and 
also  in  some  United  States  prairie  soils ;  and  these  show  that 
they  are  very  much  richer  in  nitrogen  than  the  Bothamsted 
soil.  But,  as  we  do  not  know  the  depth  to  which  the  samples 
were  taken,  we  cannot  estimate  the  amounts  of  nitrogen  per 
acrcj  to  a  given  depth.  There  can,  in  fact,  be  no  question 
that  these  rich  prairie  soils  are  capable  of  yielding  up  much 
more  nitrogen,  and  of  giving  much  larger  crops  of  wheat, 
than  the  Bothamsted  soil. 

It  will  be  some  satisfaction  to  those  who  fear  that  our 
soils  are  becoming  exhausted  to  find  that  a  soil  which  cannot 
be  considered  a  very  fertile  one,  and  which  has  been  under 
arable  cultivation  for  some  centuries,  still  contains  such  large 
stocks  of  fertility,  and  under  good  cultivation  is  still  yielding  as 
much  wheat  per  acre  per  annum  without  manure,  as  the  average 
of  the  whole  of  the  wheat-growing  lands  of  the  world ;  whilst, 
by  the  aid  of  suitable  artificial  manures,  it  has,  in  one  year, 
jdelded  as  much  as  55  bushels  per  acre ;  and  has,  on  the 
average  of  50  years,  given  much  more  than  the  average  of 
the  whole  of  the  United  Kingdom  under  ordinary  cultivation. 

What  part  artificial  manures  will  play  in  the  agriculture 
o|  the  future  it  is  difBicult  to  foretell.  Much  will  depend  on 
the  stores  of  phosphates  and  of  potash  which  may  be  found 
available  for  use  throughout  the  world.  With  regard  to 
nitrates,  as  Sir  William  Crookes  has  pointed  out,  nitrogen 
exists  in  enormous  quantities  in  the  air  in  the  free  state,  but 
plants  require  it  to  be  supplied  to  them  in  a  fixed  or  com- 
bined condition.  Whether  we  go  to  water — as  at  Niagara — 
for  the  source  of  power,  or  have  recourse  to  wind  or  steam, 
the  question  of  a  home  manufacture  of  nitrate  from  the  free 
nitrogen  of  the  atmosphere,  to  supply  the  wants  of  agriculture, 
is  a  very  important  one.  Nitrate  of  lime  contains  more  nitric 
acid  than  nitrate  of  soda,  and  lime  is  cheaper  than  soda,  and 
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nitrate  of  lime  might  prove  the  better  manure  in  some  cases ; 
bat  its  deliquescence  might  prove  a  difficulty,  both  in  trans- 
port and  use. 

To  sum  up  on  the  world's  wheat  supply : — It  may  be  said 
that,  whilst  wheat  is  capable  of  producing  very  large  crops 
under  favourable  conditions  as  to  soil,  climate,  and  manuring, 
it  possesses  a  remarkable  power  of  obtaining  food  from  a  poor 
soil.  It  can  stand  a  considerable  amount  of  frost,  and  it  can 
thrive  over  an  immense  area  of  the  world's  surface.  Although 
endorsing  all  that  Sir  William  Grookes  says  as  to  the  im- 
portance of  wheat  as  a  food,  we  cannot  adopt  his  desponding 
views  in  regard  to  the  future  supplies  of  it.  That  we  may 
have  considerable  fluctuations  in  produce  and  in  price,  the 
result  of  war,  or  of  the  vicissitudes  of  the  seasons  in  different 
countries,  is  very  probable ;  but  we  believe  that  there  will 
always  be  a  sufficient  supply  forthcoming,  for  those  who  will 
find  the  money  to  purchase  it  at  a  remunerative  price. 


SpoltisuQoik  (L-  Co.  Pnfiltrg,y<fw-s{)etl  J<quarff  London, 
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Introduction  and  History. 

It  was  shown  in  onr  paper  on  the  Rotation  of  Crops,  in  the 
last  number  of  the  Journal,*  that  any  explanation  of  the  benefits 
of  rotation  is  quite  inadequate  which  does  not  take  into  account 
the  results  of  the  feeding  of  the  animals  on  the  farm.  Thus,  in 
the  discussion  of  the  amounts  of  the  produce  of  the  various 
crops  grown  in  alternation  with  one  another,  and  of  the  amounts 
of  the  various  constituents  of  the  individual  crops,  or  of  their 
separate  parts,  it  was  pointed  out  that  only  certain  portions  of 
them  were  at  once  available  as  saleable  products ;  a  large  pro- 
portion remaining  for  use  on  the  fiurm  in  some  way,  and  only 
eventually  yielding  a  profitable  return. 

The  extent  to  which  the  retention  on  the  farm  of  the  con- 
stituents accumulated  in  the  crops  may  take  place  may  usefully 
be  illustrated  by  reference  to  a  particular  example,  which  will 
convey  a  clearer  conception  of  the  importance  of  the  subject 
than  any  mere  general  statement  can  do.  Accordingly,  in 
Table  I.  is  given  an  approximate  estimate  of  the  proportion  of 


>  Jonmal,  B.A.S.E.,  8rd  Series,  vol.  v.  (Part  IV.),  1894,  pp.  686-646. 
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oertain  selected  constitnentB  of  the  crops  giown  in  the  typical 
four-course  rotation  of  Swedish  tnmips,  barley,  legnminons 
crop,  and  wheat,  which  wonld  be  at  once  sold  off  the  farm,  and 
of  ^e  amounts  retained  upon  it ;  sapposing  that  only  the  grain 
of  the  cereals  is  sold,  and  that  the  root  crop,  the  leguminoHS 
crop,  and  the  straw  of  the  cereals,  are  retained  for  further 
use.  The  estimates  are  foanded  on  the  average  amounts  of  pro- 
duce obtained,  over  eight  courses,  in  the  fully  manured  rotation, 
the  particulars  of  which  were  given  and  discussed  in  the  paper 
on  Eotation  above  referred  to. 

Table  I. — Illu^iration  of  the  Proportion  of  the  Constituents  of 
Crops  grown  in  Eotation  at  once  sold  off  the  Farm^  cmd  of  those 
retained  upon  it  for  further  use. 


Per  cent,  of  total  in  the  orope 

At  onoe  sold  off 
thefum 

Retained  on  the  fkmi 
for  (Drther  use 

Dry  matter 

Nitrogen 

Total  mineral  matter  (ash)  . 
Phosphoric  add    .... 
Potash 

SO-6 
43-4 
14-5 
66-2 
20-0 

89-4 
56-6 
85-6 
43-8 
800 

It  is  tme  that  the  exact  figures  given  in  the  table  have  only 
reference  to  a  particular  case,  and  that  in  practice  there  will 
sometimes  be  larger  and  sometimes  smaller  proportions  of  these 
constituents  of  the  crops  at  once  sold,  or  retained  on  the 
farm.  Nevertheless,  the  illustrations  may  be  taken  as  essentially 
typical,  and  as  so  far  conveying  a  very  usefiil  impression  on  the 
subject. 

Referring  to  the  figures,  the  question  arises :  To  what  bene- 
ficial or  profitable  purposes  are  about  two-thirds  of  the  total  vege- 
table substance  grown — more  than  half  its  nitrogen,  nearly  half 
its  phosphoric  acid,  and  about  four-fifths  of  its  potash — ^retained 
on  the  farm  ?  Briefly  stated,  it  is  for  the  feeding  of  animah 
for  the  production  of  meat^  miOcj  and  manure,  and  for  the 
exercise  of  force — that  w,  for  their  labour.  It  is,  then,  the  fiM^ts, 
and  the  principles,  involved  in  the  feeding  of  the  animals  of  the 
farm  for  these  various  purposes  that  we  have  now  to  consider. 

It  is  obvious  that,  so  long  as  a  country  is  only  sparsely 
populated,  and  the  needs  of  the  people  are  amply  supplied  under 
a  comparatively  rude  efystem  of  agriculture,  in  which  extended 
area  precludes  the  necessity  for  improved  methods,  there  would 
be  little  either  of  scope  or  of  inducement  to  study  economy  in 
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the  feeding  of  animals,  or  to  systematic  practice  in  regard  to  it. 
Bat  as  population  increases  in  proportion  to  area,  there  arises 
the  necessity  for  increased  production  over  a  given  area.  It  was 
pointed  ont  in  onr  paper  on  Rotation  that,  in  onr  own  country, 
gradually  a  greater  variety  of  crops  came  to  be  grown ;  that  first 
leguminous  crops,  and  then  root  crops,  were  introduced,  and 
finally  the  system  of  rotation  became  general.  Thus,  a  much 
greater  variety,  and  a  much  greater  quantity,  of  home-produced 
stock-foods  became  available  ;  and  in  time  foods  of  various  kinds 
were  imported  from  other  countries. 

Somewhat  similar  changes  in  their  food  resources  occurred 
in  various  parts  of  the  continent  of  Europe ;  and  with  these 
came  the  inducement,  if  not  the  necessity,  to  pay  more  atten- 
tion to  the  subject  of  feeding.  The  end  was,  however,  sought 
to  be  attained  by  somewhat  characteristically  different  methods 
in  our  own  country  and  on  the  Continent.  With  us,  more  special 
attention  was  paid  to  the  improvement  of  the  breeds  of  the  farm 
animals  themselves;  not  only  to  enhance  the  development  of 
the  most  valuable  characters  in  the  final  product,  but  to  secure 
early  maturity,  and  thus  materially  to  economise  the  expendi- 
ture of  food  in  the  mere  maintenance  of  the  living  meat-and- 
manure-making  machine.  As  to  the  use  and  adaptation  of 
different  foods,  but  little  systematic  inquiry  was  undertaken  in 
regard  to  it,  each  feeder  relying  largely  on  his  own  judgment, 
or  on  the  unwritten  rules  adopted  in  his  locality,  as  the  result 
of  practical  experience. 

On  the  Continent,  however,  and  especially  in  Germany, 
much  more  attention  was  paid  to  the  character  of  the  food 
than  to  that  of  the  animal ;  and  towards  the  end  of  the  last 
century  and  the  beginning  of  this  much  was  devoted  to  deter- 
mining the  comparative  values  of  different  foods;  and  tables 
were  constructed  in  which,  adopting  hay  as  the  standard,  it 
was  attempted  to  arrange  all  other  foods  according  to  their 
supposed  value  compared  with  that  standard.  The  plan  was  to 
give  the  amount  of  each  food  which  it  was  estimated  was  equi- 
valent in  food-value  to  100  parts  of  hay. 

The  first  comprehensive  tables  of  hay  values  were  constructed 
by  Thaer,  and  were  published  by  him  in  1809.  His  operations, 
experiments,  and  writings,  were  of  an  essentially  practical  cha- 
racter. His  estimates  of  so-called  ^'  hay  values  "  seem,  however, 
to  have  been  based  to  some  extent  on  the  determinations  of  the 
supposed  nutritive  contents  of  different  foods  which  had  been 
made  by  Einhof ;  but  partly  also  on  his  own  determinations, 
and  partly  on  direct  feeding  experiments.  In  these  he  sought 
to  ascertain  how  much  of  the  respective  foods  was  required 
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to  substitute  a  given  quantity  of  hay  in  the  daily  ration  of  ihe 
animals.  His  estimates  were,  at  any  rate,  controlled  by  such 
experiments,  and  he  states  that  their  results  upon  the  whole 
tended  to  confirm  the  conclusions  aiTived  at  by  analysis. 

Other  writers  also  published  tables  of  hay  values,  or  hay 
equivalents,  of  foods.  In  some  of  these  the  results  of  new 
experiments,  sometimes  analytical,  and  sometimes  practical, 
were  embodied;  but  it  is  obvious  from  the  identity  of  ihe 
figures  in  many  cases  that  they  were  largely  compilations  one 
from  another. 

Such  was  the  condition  of  knowledge  on  the  subject  when 
Boussingault  commenced  his  investigation  of  it  soon  after  1830. 
Like  Thaer,  Boussingault  had  the  advantage  of  being  a  practical 
agriculturist ;  but  whilst  Thaer  looked  at  the  question  of  the 
feeding  of  the  animals  of  the  farm  almost  exclusively  from  the 
practical  point  of  view,  Boussingault  approached  it  mainly  from 
that  of  the  chemist  and  the  physiologist,  though  he,  at  the  same 
time,  made  dii*ect  experiments  with  farm  animals,  and  so 
arranged  and  conducted  them  as  not  only  to  elucidate  some 
points  of  special  scientific  interest,  but  also  to  afford  data  which 
might  serve  both  for  the  explanation  and  for  the  improvement 
of  agricultural  practice. 

Thus,  besides  contributing  much  towards  abetter  knowledge 
of  the  actual  and  comparative  value  of  different  foods,  he  inves- 
tigated the  question  whether  animals  either  availed  themselves 
of  the  free  nitrogen  of  the  air  as  a  source  of  some  of  their  nitro- 
gen, or  eliminated  either  free  or  combined  nitrogen  by  the 
lungs  or  skin ;  also  whether  the  fat  stored  up  by  the  fattening 
animal  was  exclusively  derived  from  the  already  formed  fat  of 
the  food,  or  whether  it  was  produced  within  the  body,  from  other 
constituents  of  the  food. 

From  the  point  of  view  of  the  practical  agriculturist,  Bous- 
singault seems  fully  to  have  assumed  the  utility  of  attempting 
to  arrange  stock-foods  according  to  their  nutritive  value  com- 
pared with  that  of  hay  as  a  standard ;  and,  in  fact,  this  idea  has 
given  a  direction  to  much  subsequent  investigation  also. 

The  first  great  advance  made  by  Boussingault  was,  however, 
to  determine  the  nitrogen  in  a  large  number  of  different  foods  ; 
and,  taking  the  amount  of  it  as  for  the  time  the  best  measure 
of  nutritive  value,  on  this  basis  to  compai^e  them  with  hay. 
That  is  to  say — supposing  100  parts  of  average  good  hay  to 
contain  a  certain  amount  of  nitrogen,  how  much  of  each  of  the 
other  foods  would  be  required  to  supply  the  same  amount  of  it  ? 
These  amounts  would,  on  the  supposition  adopted,  represent  the 
quantities  by  weight  in  which  one  food  may  be  substituted  for 
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another,  and  they  may  be  considered  as  the  theoretical  eqaiva- 
lents  of  100  of  hay.  Accordingly,  he  determined  the  nitrogen 
in  about  seventynsix  different  descriptions  of  food,  which  at  that 
date  involved  a  truly  enormous  amount  of  labour. 

Further,  he  selected  a  few  typical  articles  of  food  for  com- 
parative feeding  experiments,  so  as  to  be  able  to  compare  the 
results  obtained  both  with  those  indicated  by  theory  according 
to  their  contents  of  nitrogen,  and  with  the  estimates  of  others, 
founded  chiefly  on  somewhat  similar  practical  trials.  He 
obviously  fiilly  recognised  the  difficulties  and  imcertaihties  of 
such  modes  of  experimenting,  and  took  great  care  to  obviate 
error  arising  from  them. 

He  discussed  the  general  results  of  some  experiments  with 
milking  cows;  but  gave  in  some  detail,  the  particulars  and 
results  of  ten  experiments  with  the  horse.  The  normal  food 
being  hay,  straw,  and  oats,  he  in  one  case  substituted  half  the 
hay  by  potatoes,  in  another  by  Jerusalem  artichokes,  in  another 
by  mangel,  in  another  by  ruta-baga,  and  in  another  by  carrots. 
Again,  in  another  the  straw  and  oats  were  replaced  by  potatoes ; 
in  another  half  the  hay  was  replaced  by  more  oats  and  straw, 
and  so  on.  In  each  case  he  noted  the  change  in  weight,  and  in 
the  condition  of  the  animals  in  other  respects,  if  any ;  and  he 
judged  accordingly,  whether  the  amount  of  food  given  in  substi- 
tution was  too  much  or  too  little,  and  whether,  therefore,  the 
practical  or  the  theoretical  results  were  the  most  to  be  relied  upon. 

He  brought  together  in  a  table  ^  the  estimates  of  the  vfdue, 
compared  with  100  of  hay,  of  the  seventy-six  different  articles  of 
food  according  to  the  amount  of  nitrogen  he  found  in  them  ;  and 
side  by  side  he  gave  the  hay  value  of  the  foods  according  to  the 
published  estimates  of  others,  and  to  the  results  of  his  own 
practical  trials. 

Subsequently,  however,  Boussingault  was  not  satisfied  with 
his  results  so  obtained,  and  he  pointed  out  that  what  was  still 
wanting  was  the  determination  of  the  amount  of  the  various 
non-nitrogenous  constituents  also,  and  of  how  much  of  them  was 
digestible,  and  how  much  indigestible ;  and  eventually  he  deter- 
mined in  ninety  different  food-stuffs,  not  only  the  nitrogen,  but 
the  mineral  matter,  the  woody  fibi*e  or  cellulose,  the  fatty  mat* 
ter,  and  (probably  by  difference)  the  remaining  non-nitrogenous 
matters,  which  he  recorded  as  starch,  sugar,  and  allied  bodies. 
As  to  the  nitro^n,  he  still,  as  formerly,  multiplied  the  amount 
found  by  6*25  to  represent  albumin,  legumin,  or  casein. 

He  also  still  took  100  parts  of  hay  as  the  standard  by  which 
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to  compare  the  nutritiye  value  of  other  foods ;  as,  for  mminants 
and  horses,  he  considered  it  a  good  standard  food,  and  that  the 
relation  in  it  of  the  nitrogenous  and  the  digestible  non-nitro- 
genous constituents  was  fairly  normal.  He  now,  however, 
modified  the  meaning  of  the  equivalent  arrived  at,  by  taking  into 
account  the  amount  of  digestible  non-nitrogenous  substance 
associated  with  the  standard  amount  of  nitrogen  in  each  case ; 
and,  if  there  were  a  deficiency,  he  stated  how  much  of  some  food 
rich  in  digestible  non-nitrogenous  matters  should  be  added  to 
complete  the  equivalent,  and  so  make  it  comparable  with  the 
100  of  hay.  Indeed,  he  now  laid  it  down  that  equivalent 
rations  must  contain  equal  amounts  of  digestible  non-nitro- 
genous as  well  as  of  the  nitrogenous  bodies. 

In  the  case  of  the  ninety  descriptions  of  food  which  he  analysed 
as  above  referred  to,  he  gave  a  table  *  recording  the  results  ob- 
tained, and  then  showed  the  amount  of  each  food  required  to 
contribute  the  same  quantity  of  nitrogenous  substance  as  100 
of  hay.  Next,  he  calculated  how  much  nutritive  non-nitrogenons 
matter,  reckoned  as  carbohydrate  of  42  per  cent,  carbon,  was 
supplied  in  the  amount  of  each  food  containing  the  nitrogen  of 
100  of  hay.  If  the  amount  were  less  than  in  100  of  hay,  he  cal- 
culated how  much  straw  was  required  to  supply  the  deficiency, 
assuming  straw  to  contain  45  per  cent,  of  such  matter.  The  final 
result  showed,  not  only  the  same  amount  of  nitrogenous,  but  as 
much  of  digestible  non-nitrogenous  substance  also,  as  100  of 
hay.  If,  however,  the  nitrogen  equivalent  of  the  food  contained 
an  excess  of  digestible  non-nitrogenous  constituents,  he  did  not 
make  any  corresponding  deduction  from  the  ration. 

Boussingault  fully  recognised  that  food  equivalent  so  cal- 
culated are  only  satisfactory  in  comparing  foods  of  the  same  de- 
scription, which  he  classified  generally  as  follows  : — 

1.  Hays  and  straws. 

2.  Boots  and  tubers. 

3.  Oily  seeds. 

4.  Cereal  grains,  leguminous  seeds,  oilcake,  &c. 

He  pointed  out  that  when  the  application  of  the  tables  is  thus 
limited,  they  sure  very  useful  in  showing  how  one  food  may  be 
advantageously  substituted  for  another  of  the  same  class,  accord- 
ing to  relative  abundance,  cheapness,  and  so  on. 

In  conclusion  in  regard  to  Boussingault :  in  giving  a  sketi^ 
of  the  history  of  the  progress  in  our  knowled^  of  the  subject 
of  the  feeding  of  the  animals  of  the  farm,  it  was  only  due 
to  him   to   give   prominence  to   his    enormous,   painstaking, 

^  £aanomie  Hvral  ,  Deuxifeme  Edition,  1861,  vol.  ii.,  pp.  366-363.    Paris. 
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and  most  conscientious  labours  in  regard  to  it.  This  is  the 
case,  independently  of  any  direct  applicability  of  his  results 
and  conclusions  at  the  present  time,  because  he  was  essentially 
the  pioneer,  and  his  conceptions  and  methods  have  had  a  very 
marked  influence  on  the  direction  of  subsequent  investigations. 
It  was  in  1842,  that  is,  after  Boussingault's  first  systematic 
discussion  of  the  subject,  but  before  his  second,  that  Liebig 
published  his  work  entitled  Chemistry  in  its  Applications  to 
Physiology  and  Paihology.  In  it  he  treated  of  food  in  its 
relations  to  the  various  exigencies  of  the  animal  body ;  and, 
apparently  impressed,  as  was  Boussingault,  with  the  fact  that 
nitrogenous  constituents  were  both  essential  and  characteristic 
of  the  animal  body,  and  that  they  must  therefore  be  supplied  in 
the  food  they  consumed,  and,  in  the  case  of  the  herbivora,  in 
y^etable  foodngtuffs,  he  also,  like  Boussingault,  indeed,  probably 
directly  influenced  by  his  results  and  conclusions,  himself  con- 
cluded that  the  comparative  values  of  food-stuffs  as  such  were,  as 
a  rule,  measurable  by  their  richness  in  the  nitrogenous,  rather 
than  in  that  of  the  non-nitrogenous  constituents — ^that  is  to  say, 
more  by  their  flesh-forming  than  by  their  more  specially  re- 
spiratory or  fat-forming  capacities.    Thus  he  says  (p.  45) : — 

Chemical  researches  have  shewn,  that  all  such  i^axta  of  ve^tables  as  can 
afford  nutriment  to  animals  contain  certain  constituents  which  are  rich  in 
nitrogen  ;  and  the  most  ordinary  experience  proves  that  animals  require  for 
their  support  and  nutrition  less  of  these  parts  of  plants  in  proportion  as  they 
abound  m  the  nitrogenous  constituents. 

Again,  at  p.  369  of  the  third  edition  of  his  Chemical 
Letters  (1851)  he  says : — 

The  admirable  experiments  of  Boussingault  prove,  that  the  increase  in 
the  weight  of  the  body  in  the  fatteninff  or  feedmg  of  stock  (just  as  is  the 
case  wiUi  the  suppl;^  of  milk  obtained  from  milch  cows),  is  in  proportion  to 
the  amount  of  plastic  constituents  in  the  daily  supply  of  fodder. 

Liebig  would  probably  be  somewhat  biassed  in  favour 
of  the  conclusion  here  stated  by  the  view  he  held — that  the 
amount  of  force  exercised  in  the  aoimal  body  was  measurable 
by  the  amount  of  nitrogenous  substance  transformed,  and  this 
agaiu  by  the  amount  of  urea  found  in  the  urine.  To  Liebig's 
views  on  this  latter  point,  as  well  as  on  the  question  of  the 
sources  in  the  food  of  the  fat  of  the  animal  body,  and  on  some 
other  points  of  scientific  as  well  as  practical  interest,  reference 
will  be  made  further  on,  when  considering  each  of  these  several 
questions  independently.  In  the  meantime  our  special  object 
is  to  show,  what  were  the  prevailing  opinions  on  the  subject  of  the 
adaptation  of  foods,  according  to  their  composition,  to  the  sum 
of  the  requirements  of  the  animals  of  the  farm,  which  include, 
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done  in  our  interpretation  of  the  resnlte,  dne  reBenration  is 
made  as  to  the  character,  both  of  the  so-reckoned  nitrogenonB, 
and  of  the  non-nitrogenous  organic  substance,  of  the  different 
foods,  the  indications  are  very  clear  and  significant  as  to 
whether,  taking  our  fattening  food-stufis  as  they  go,  their  oom- 
parative  food-vaiue  is  measurable,  more  by  their  contents  in  diges- 
tible nitrogenous,  or  in  digestible  non-nitrogenous  constituents. 

The  investigations  also  involved  the  determination  of  the 
composition,  and  especially  of  the  amounts  and  the  proportion 
of  the  nitrogenous,  and  of  the  non-nitrogenous  constituents,  in 
the  bodies  of  the  animals  themselves,  and  in  their  increase 
whilst  fattening ;  and  it  also  involved  that  of  the  composition 
of  the  excrements,  that  is,  of  the  manure. 

Thus,  the  inquiry  embraced  the  following  points : — 

1.  The  amount  of  food,  and  of  its  several  constituents, 
consumed  in  relation  to  a  given  live-weight  of  animal,  within  a 
given  time. 

2.  The  amount  of  food,  and  of  its  several  constituents, 
consumed  to  produce  a  given  amount  of  increase  in  live-weight. 

3.  The  proportion,  and  relative  development,  of  the  different 
organs  or  parts  of  difierent  animals. 

4.  The  proximate  and  ultimate  composition  of  the  animals, 
in  different  conditions  as  to  age  and  &tness ;  and  the  probable 
composition  of  their  increase  in  live-weight  during  the  fie^tten- 
ing  process. 

5.  The  composition  of  the  solid  and  liquid  excreta  (the 
manure)  in  relation  to  that  of  the  food  consumed. 

6.  The  loss  or  expenditure  of  constituents  by  respiration 
and  the  cutaneous  exhalations — that  is,  in  the  mere  sustenance 
of  the  living  meat*and-manure-making  machine. 

7.  The  yield  of  milk  in  relation  to  the  food  consumed  to 
produce  it ;  and  the  influence  of  different  descriptions  of  food 
on  the  quantity,  and  on  the  compositipn,  of  the  milk. 

As  already  said,  several  hundred  animals — oxen,  sheep,  and 
pigs — have  been  submitted  to  experiment. 

The  amount,  and  the  relative  development,  of  the  different 
organs  or  parts  were  determined  in  2  calves,  2  heifers,  14 
bullocks,  1  lamb,  249  sheep,  and  59  pigs. 

The  percentages  of  water,  mineral  matter,  &t,  and  nitro- 
genous substance,  were  determined  in  certain  separated  parts, 
and  in  the  entire  bodies,  of  10  animals — namely,  1  calf,  2 
oxen,  1  lamb,  4  sheep,  and  2  pigs.  Complete  analyses  of  the 
ashes,  respectively  of  the  entire  carcasses,  of  the  mixed  internal 
and  other  '  offal '  parts,  and  of  the  entire  bodies,  of  each  of  these 
ten  animals,  have  also  been  made. 
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From  the  data  provided,  as  above  described,  as  to  the  chemical 
composition  of  the  difierent  descriptions  of  animal  in  different 
conditions  as  to  a^  and  fatness,  the  composition  of  the  increase 
whilst  fattening,  and  the  relation  of  the  constituents  stored  up 
in  the  increase  to  those  consumed  in  food,  have  been  estimated. 

To  ascei^in  the  composition  of  the  manure  in  relation  to 
that  of  the  food  consumed,  oxen,  sheep,  and  pigs,  have  been 
experimented  upon. 

The  loss  or  expenditure  of  constituents,  by  respiration  and 
the  cutaneous  exhalations,  has  not  been  determined  directly, 
that  is  by  means  of  a  respiration  apparatus,  but  only  by 
difference ;  that  is,  by  calculation,  founded  on  the  amounts  of 
dry  matter,  ash,  and  nitrogen,  in  the  food,  and  in  the  (increase) 
fsBces  and  urine. 

Independently  of  the  points  of  inquiry  above  enumerated, 
the  results  obtained  have  supplied  data  for  the  consideration  of 
the  following  questions : — 

1.  The  sources  in  the  food  of  the  fat  produced  in  the  animal 
body. 

2.  The  characteristic  demands  of  the  animal  body  (for 
nitrogenous  or  non-nitrogenous  constituents  of  food)  in  the 
exercise  of  muscular  power. 

3.  The  comparative  characters  of  animal  and  vegetable 
foods  in  human  dietaries. 

Food  Consumed  and  Increase  Produced. 

It  is  proposed,  fii*st  to  consider  the  results  illustrating  the 
amounts  of  food,  and  of  its  nitrogenous  and  non-nitrogenous 
constituents  respectively,  consumed  by  a  given  live-weight  of 
animal  within  a  given  time,  and  the  amounts  required  to 
produce  a  given  amount  of  increase  in  live-weight.  The  illustra- 
tions will  be  drawn  from  experiments  with  sheep  and  with  pigs. 

TJie  Expiynments  tvith  Sheep. 

Table  II.  shows,  for  each  of  three  series  of  experiments 
with  sheep,  in  the  first  three  columns  the  amounts  of  nitro- 
genous, of  non-nitrogenous,  and  of  total  organic  substance, 
consumed  per  100  lb.  live-weight  per  week,  and  in  the  last  three 
columns  the  amounts  consumed  to  produce  100  lb.  iiuyrease  in  live^ 
weight.  The  figures  represent  the  quantities  of  the  crude 
constituents  consumed;  that  is,  the  amounts  of  nitrogenous 
substance  calculated  by  multiplying  the  nitrogen  by  6-3,  which 
implies  that  the  whole  of  it  exists  in  the  foods  as  albuminoids, 
which  admittedly  is  not  the  case.  It  will  be  seen,  however, 
that  this  method  is  quite  sufficient  for  the   purposes  of  the 
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illustrations  at  present  in  view ;  thongh  it  is  frequently  far 
from  aocnrate  in  the  case  of  nnripened  vegetable  prodncts,  and 
it  is  especially  so  in  that  of  sncxmlent  foods,  snch  as  feeding 
roots.  The  amounts  of  cnide  non-nitrogenous  substance  are 
calculated  by  deducting  those  of  the  mineral  matter,  and  of  the 
crude  nitrogenous  constituents,  tram  those  of  the  total  dry 
matter  consumed.  Here  again,  it  is  admitted  that  the  results 
are  only  approximations  to  the  truth ;  but  it  will  be  seen  that, 
as  in  the  case  of  the  nitrogenous  constituents,  they  are  never- 
theless quite  sufficient  for  the  purposes  of  our  present  illustra- 
.  tions.  The  crude  total  organic  matter  is  simply  the  sum  of 
the  nitrogenous  and  non-nitrogenous  calculated  as  above. 

Table  II. — Experiments  with  Sheep  made  at  Rothamsted  in  1850. 
Nit/rogenous  and  Non-nitrogenous  constituents  consumed  per  100  ^. 
live-rveight  per  week  ;  and  to  produce  100  lb.  increase  in  live-weighU 


Pens 


Limited  food 


Ad  libitum 
food 


Per  100  lb.  lire^  weight 
par  week 


Nitro-     Non- 
ge-      nitro-  > 
Doas     genoufl^ 


Totid 
oi^anie 


To  produce  100  lb.  in- 
orawe  in  Ure-weiglit 


Ni-      Kon.     Toud 
Toge-'  nitro-       or- 
nouii   genons    ganie 

i 


SERIES  1.    5  SHEKP  IN  BACH  PEN  (14  WEEKS). 


1 
2 
3 
4 


1 
2 
3 
4 


1 
2 
3 

4 
5 


Linseed-cake  . 
Oats 

Closer  chaff    . 
Oat-straw  chaff 


r    oisn    ■\ 
j  turnips  I 


Swe- 
dish 


Mean  . 


2-46  .    9-85  ;  12-31 

1-57  11-36  1 12-93 

1-64  1312  '  14-76 

1-07  1017  11-24 


1-68  1113  ,12-81 


167  650   S17 

103 '  684   787 

102  736   838 

102  913  ,1,015 


118   746  ,  864 


SERIES  2.  5  SHEEP  IN  EACH  PEN  (19  WEEKS). 


Linseed- cake 
Linseed  . 
Barley    . 

Malt 


.  Clover 
chaff 


Mean 


3-78  12-93 

3-21  12-66 

2-58  13-79 

2-52  14-02 


3-02     13-35 


321 1 1,103  1,424 

289 , 1,144  1,433 

235  •  1,269  1,604 

266  !  1,457  1,723 


278    1,244  : 1,521 


SERIES  3.     5 '  8HEBP  IN  EACH  PEN  (10  WEEKS). 


Barley    .... 
Malt  and  malt  dust 
Barley  (steeped)    . 
Malt  and  dust  (steeped) 
Malt   and    dust   (extra 
quantity)     . 


Man- 
gel 


Mean  . 


*  Only  four  sheep  in  pens  1,  3,  and  4. 
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Referring  to  the  results,  it  is  impossible  to  go  into  any 
detail  here.  A  glance  at  the  figures  in  the  first  three  columns 
of  the  Table  (II.)  relating  to  the  amounts  of  the  constituents 
consumed  per  100  lb,  live-weight  per  week  is  sufficient  to  show 
that,  in  all  comparable  cases,  there  was  much  more  uniformity 
in  the  amounts  of  the  non-nitrogenous  than  in  those  of  the 
nitrogenous  substance  consumed  for  a  given  live-weight  of  the 
fattening  animal  within  a  given  time.  The  deviations  from 
this  general  regularity  in  the  amount  of  non-nitrogenous  sub- 
stance consumed  are,  indeed,  in  most  cases  such  that,  when  they 
are  examined,  they  tend  clearly  to  show  that  the  uniformity, 
would  be  considerably  greater  if  the  amounts  of  only  the  really 
available  respiratory  and  fat-forming  constituents  had  been 
represented,  instead  of  those  of  the  crude  or  total  non-nitrogenous 
substance  consumed. 

As  pointed  out  in  our  earlier  papers,  in  reading  the  figures 
allowance  has  obviously  to  be  made,  both  for  those  of  the  non- 
nitrogenous  constituents  which  would  probably  become  at  once 
efiete,  and  also  for  the  different  respiratory  and  fat-forming 
capacities  of  the  portions  which  are  digestible.  Thus,  com- 
paring series  with  series,  the  amounts  are  higher  in  Series  2, 
where  the  ad  libitum  food  was  clover  chaff  containing  a  large 
amount  of  indigestible  fibre,  than  in  either  of  the  other  series, 
where  it  consisted  of  Swedish  turnips  or  mangel  wurzel.  Then, 
the  quantity  consumed  was  higher  in  the  third  pen  of  Series  1, 
with  clover  chaff,  than  in  the  other  pens  of  the  same  series ; 
and  it  was  lower  in  pen  1  of  Series  1,  with  linseed  cake 
containing  much  oil;  and  it  was  again  lower  in  pens  1 
and  2  of  Series  2,  also  with  much  fatty  matter  in  the  food, 
than  in  the  other  pens  of  the  same  series  with  cereal  grain. 

Indeed,  when  we  bear  in  mind  the  various  circumstances 
which  must  tend  to  modify  the  indications  of  the  actual  figures, 
it  will  be  admitted  that  the  coincidences  in  the  amounts  of 
available  respiratory  and  fat-forming  constituents  consumed  by 
a  given  weight  of  animal  within  a  given  time,  are  much  more 
striking  and  conclusive  than,  considering  the  views  prevalent 
on  the  subject  at  the  time,  could  have  been  anticipated. 

With  this  general  uniformity  in  the  amounts  of  the  non- 
nitrogenous  substance  consumed  by  a  given  live-weight  within 
a  given  time,  the  amounts  of  the  nitrogenous  constituents  so 
consumed  are,  on  the  other  hand,  seen  to  vary  under  the  same 
circumstances  in  the  proportion  of  from  one  to  two,  or  three,  or 
more. 

Let  us  now  refer  to  the  last  three  columns  of  Table 
II.,  which  show  the  amounts  of  the  respective  constituents 
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conmmed  to  prodvM   100  lb.   increase  in  live-weight     In  con- 
sidering these  results  we  must,  as  when  discussing  those  relating 
to  the  consumption  by  a  given  live-weight  within  a  given  time, 
read  the  indications  of  the  actual  figures  as  modified  by  the 
obviously  different  capacities,  for  the  purposes  of  the  animal 
economy,  of  the  substances  the   amounts  of  which  they  are 
assumed  to  represent.     It  must  also  be  borne  in  mind,  that  tbe 
proportion  of  real  dry  substance  in  the  increase  of  the  animal 
will  vary  to  some  extent  according  to  the  character  of  the  food. 
For  example,  it  will  be  rather  the  less,  the  more  succulent  the 
food,  and  the  greater,  the  greater  the  proportion  of  fat  in  the 
increase.     Again,  as  in  the  case  of  the  results  showing  the  con- 
sumption for  a  given  live-weight  of  the  fattening  animal  within 
a  given  time,  the  figures  represented  the  demand,  not  only  for 
respiration,  and  for  maintenance  in  other  respects,  but  also  that 
for  increase  in  live-weight,  so  now  those  specially  arranged  to 
show  the  relation  of  consumption  to  increase,  at  tiie  same  time 
include  the  amounts  required  by  the  exigencies  of  respiration 
and  maintenance. 

Taking  a  general  view  of  the  results,  which  is  all  that  can 
be  done  here,  it  is  seen  that  where  clover  chaff,  with  its  large 
amount  of  indigestible  woody  fibre,  was  used  as  the  ad  libitum 
food,  the  total  amount  of  non-nitrogenous  substance  consumed 
to  produce  a  given  increase  in  live-weight  was  much  greater 
than  where  the  ad  libitum  food  consisted  of  roots.  Due 
allowance  must,  therefore,  be  made  for  this  in  comparing  the 
results  of  one  series  with  those  of  another.  Doing  this,  it  is 
obvious  that  the  amounts  of  really  available  non-nitrogenons 
substances  consumed  were,  at  any  rate,  much  more  nearly 
uniform  in  the  different  series,  and  in  the  different  pens,  than 
were  those  of  the  nitrogenous  substance.  Of  the  differences 
that  would  still  remain,  most  would  be  again  reduced  by 
making  allowance  for  the  different  respiratory  and  fat-forming 
capacities  of  the  remaining  available  non-nitrogenous  con- 
stituents ;  since,  for  example,  much  less  of  fatty  matter  would 
be  required  than  of  starch  or  sugar,  or  of  the  pectine  compounds 
of  the  roots. 

Again,  as  in  the  case  of  the  consumption  by  a  given  live- 
weight  within  a  given  time,  so  now  in  that  of  the  consumption 
to  produce  a  given  amount  of  increase,  there  is  a  much  wider 
range  of  difference  in  the  amounts  of  the  nitrogenous  than  of 
the  non-nitrogenous  constituents  consumed  ;  and  the  differences 
are,  as  before,  much  greater  than  can  be  explained  by  the 
differences  in  the  character  of  the  nitrogenous  substances  which 
the  figures  represent  in  the  different  cases. 
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Thus,  then,  the  results  of  these  experiments  with  sheep, 
when  interpreted  with  due  regard  to  the  known  differences  in 
the  character  of  the  nitrogenous  and  non-nitrogenous  con- 
stituents in  the  different  foods,  fully  justify  the  conclusions 
drawn  from  them  more  than  forty  years  ago : — namely,  that 
taking  food-stuffs  as  they  go,  it  is  their  supply  of  the  digestible 
non-nitrogenous,  that  is  of  the  more  specially  respiratory  and 
fat-forming  constituents,  rather  than  that  of  the  nitrogenous  or 
specially  fiesh-forming  ones,  that  regulates  both  the  amount 
of  food  consumed  by  a  given  live-weight  of  animal  within  a 
given  time,  and  the  amount  of  increase  in  live-weight  produced. 

But  as  it  seems  to  have  been  tacitly  assumed  in  recent  years, 
since  much  attention  has  been  paid  to  the  investigation  of  the 
digestibility  of  the  different  constituents  of  foods,  that  conclusions 
founded  on  the  determined  amount  in  the  foods  of  the  crude 
substances  only  cannot  be  relied  upon,  we  have  had  the  whole 
of  our  early  results,  both  with  sheep  and  with  pigs,  re-caloulated, 
making  correction,  as  far  as  practicable,  for  the  amounts  of  the 
constituents  in  the  different  foods  which  are  assumed  to  be  in- 
digestible, or  otherwise  not  of  food-value,  according  to  the  Tables 
given  by  Emil  von  Wolff  in  the  edition  of  his  work  published  in 
1888.  He  there  gives,  for  nearly  200  different  articles  of  stock 
foods,  the  percentages  of  water,  mineral  matter  (ash),  crude 
protein,  crude  fibre,  non-nitrogenous  extractive  matters,  and 
crude  fat ;  and  then  the  percentages  of  digee^tible  albuminoids, 
digestible  carbohydrates,  and  digestible  fat.  In  applying  his 
data  to  our  results,  the  amount  of  the  crude  substance  in  each 
description  of  food  is  reduced  in  the  proportion  which  his  figures 
show  of  crude  to  digestible  in  the  same  description  of  food. 
Further,  in  the  case  of  the  so  estimated  amounts  of  digestible 
fatty  matter,  the  figure  obtained  has  been  multiplied  by  2-4  to 
bring  it  approximately  to  its  equivalent  of  carbohydrate,  the 
amount  then  being  added  to  the  other  digestible  non-nitrogenous 
substance,  so  reckoning  the  whole  as  carbohydrate.  Lastly, 
as  Wolff  makes  no  correction  for  the  non-albuminoid  condition 
of  a  large  portion  of  the  nitrogen  in  succulent  roots,  it  has  been 
assumed,  in  accordance  with  results  obtained  at  Bothamsted 
and  elsewhere,  that  in  Swedish  turnips  only  45  per  cent.,  and 
in  mangel  only  40  per  cent.,  of  the  total  nitrogen  will  exist 
as  albuminoids. 

There  are  obvious  objections  to  some  of  the  modes  adopted 
for  the  determination  of  the  digestible  constituents  of  the  various 
foods,  which  render  them  inapplicable,  without  considerable 
reservation,  to  the  estimate  of  the  amounts  of  the  constituents 
which  will  probably  be  actually  digested  in  the  case  of  ordinary 
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liberal  rations.     Bnt,  if  accepted  as  approximations  only,  ihey 
undonbtedly  afford  useful  data  for  some  general  conclusions. 

Neither  space  nor  time  will  permit  of  either  the  record  or 
the  discussion  of  the  re-calculated  tables.  It  must  suffice  here 
to  say,  that  the  results  as  so  re-calculated — ^that  is,  making 
correction,  as  far  as  present  knowledge  permits,  for  the  probable 
amounts  of  the  indigestible  or  non-available  constituents  of  the 
various  foods — not  only  fully  confirm  the  conclusions  drawn  on 
a  careful  study  of  the  circumstances  of  the  experiments,  and  of 
their  results,  more  than  forty  years  ago,  but  they  bring  out  the 
points  then  maintained  still  more  clearly  to  view. 

The  Experiments  tvith  Pigs. 

Let  us  next  see  whether  experiments  with  pigs  lead  to 
similar  conclusions.  The  pig  requires  much  less  bulk  in  his 
food  than  the  ruminant.  His  food,  and  especially  his  fattening 
food,  consists,  weight  for  weight,  of  a  much  larger  proportion  of 
digestible  or  convertible  constituents,  and  contains  very  little 
effete  woody  fibre.  Thus,  whilst  the  food  of  oxen  and  sheep  is 
composed  principally  of  grass,  hay,  straw,  and  roots,  wi^  a 
comparatively  small  proportion  of  grain,  leguminous  seeds,  or 
other  concentrated  foods,  that  of  the  pig  consists  largely  of  grain 
or  other  seeds,  which  contain  a  comparatively  small  amount  of 
indigestible  woody  fibre,  and  a  large  proportion  of  starch  or 
other  digestible  carbohydrate,  and  nitrogenous  matters  which 
are  almost  entirely  in  the  condition  of  albuminoids.  It  is  true 
that  the  pig  consumes -also  more  or  less  of  starchy  tubers,  or 
saccharine  roots,  which  contain  a  considerable  proportion  of 
their  nitrogen  in  other  forms  than  albuminoids.  But  the  more 
rapidly  he  is  fattened,  the  larger  is  the  proportion  in  his  food  of 
starchy  grains,  or  other  ripened  seeds. 

Notwithstanding  the  much  more  concentrated  and  digestible 
character  of  the  food  of  the  fattening  pig,  he  consumes  a  much 
larger  quantity  of  dry  substance  in  proportion  to  his  weight 
than  either  the  ox  or  the  sheep.  In  these  circumstances  he 
yields  much  more  increase,  both  in  proportion  to  a  given  live- 
weight  within  a  given  time,  and  to  a  given  amount  of  dry 
substance  of  food  consumed.  This  is  clearly  illustrated  in 
Table  lY.,  p.  85,  which  shows,  as  an  approximate  average, 
that,  per  100  lb.  live-weight  per  week,  the  fattening  ox  will 
consume  about  12*5  lb.  of  dry  substance  of  food,  and  yield 
about  1*18  lb.  of  increase ;  the  sheep  will  consume  about  16  lb. 
of  dry  substance  of  food,  and  yield  about  1*76  lb.  of  increase  ; 
whilst  the  pig,  on  the  other  hand,  will  consume  about  27  lb. 
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of  dry  substance  of  his  more  concentrated  food,  and  yield  about 
6*43  lb.  of  increase.  Indeed,  compared  with  oxen  or  sheep, 
the  liberally  fed  fattening  pig  will  consume  much  more  food  in 
excess  of  that  required  for  the  respiratory  function  and  for  mere 
maintenance,  so  that  the  amounts  of  non-nitrogenous  matters 
consumed  for  a  given  live-weight  within  a  given  time  represent 
in  less  proportion  the  respiratory  requirements,  and  in  a  greater 
proportion  those  for  increase. 

Numerous  feeding  experiments  have  been  made  at  Both- 
amsted  with  pigs.  In  1850,  Series  1,  with  twelve  pens.  Series 
2,  also  comprising  twelve  pens,  and  Series  3,  with  five  pens ; 
and  subsequently  a  fourth  Series  of  four  pens  was  made.  The 
general  plan  was  to  give,  in  one  or  more  pens,  food  of  high  or 
of  low  percentage  of  nitrogen  as  the  case  might  be,  ad  libitum ; 
then  in  others  to  give  a  fixed  and  limited  amount  of  food  of  low 
percentage  of  nitrogen,  and  ad  libitum  a  food  of  high  percentage ; 
or  a  fixed  and  limited  amount  of  food  of  high  percentage  of 
nitrogen,  and  ad  libitum  a  food  of  low  percentage,  and  so  on ; 
and  as  the  ad  libitum  food  always  supplied  much  the  larger 
proportion  of  the  total  ration,  the  animals  fixed  their  own  con- 
sumption, according  to  the  composition  of  the  foods,  and  to 
their  own  requirements ;  including  those  both  for  respiration 
and  maintenance,  and  for  increase. 

The  foods  of  high  percentage  of  nitrogen  consisted  in  most 
cases  of  an  equal  mixture  of  bean-  and  lentil-meal,  that  is  of 
highly  nitrogenous  leguminous  seeds ;  and  those  of  low  percen- 
tage were,  in  most  cases,  either  maize-meal  or  barley-meal. 
In  some,  however,  either  pure  starch  or  pure  sugar  was  given. 
The  details  of  the  foods,  t^e  weights  and  increasid  of  the  animals, 
and  of  the  amounts  of  the  various  foods,  and  of  their  nitrogenous 
and  non-nitrogenous  constituents  consumed,  per  100  lb.  live- 
weight  per  week,  and  to  produce  100  lb.  of  increase  in  live- 
weight,  have  been  given  and  fully  discussed  in  various  papers.' 

The  conclusion  drawn  from  the  results  of  the  various  experi- 
ments with  pigs  was  that,  in  their  case,  as  in  that  with  sheep, 
it  was  the  supplies  in  the  food  of  the  available  non-nitrogenous 
or  total  organic  constituents,  rather  than  those  of  the  available 
nitrogenous  substance,  that  regulated  the  amount  consumed, 
both  by  a  given  live- weight  within  a  given  time,  and  to  produce 
a  given  amount  of  increase.  The  point  is,  however,  even  more 
clearly  brought  to  view  by  the  graphic  representation  of  the 
results  given  in  the  coloured  diagrams  following  page  102. 

*  '*  On  the  Composition  of  Foods  in  relation  to  Respiration  and  the  Feeding 
of  Animals  "  (Rep.  Brit,  Aswo,  for  1862);  " Pig  Feeding"  (Journal,  R.A.S.B., 
vol.  adv.  (1863),  p.  459). 
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In  explanation  of  them  it  may  be  stated  that  nitrogenous 
substance  is  represented  by  black,  non-nitrogenons  by  yellow, 
and  total  organic  snbstance  by  red.  Diagram  I.  illnstrates 
the  relative  amonnts  of  the  respective  oonstitaents  oonsamed 
per  100  lb.  live-weight  per  week;  and  Diagram  II.  I^e 
amounts  consumed  to  produce  100  lb.  increase  in  live-weight. 
Each  of  the  thirty  columns  represents  the  results  of  a  separate 
experiment  or  pen. 

The  first  nine  columns  show  the  results  of  experiments  1— 
8,  and  12,  of  Series  1 ;  the  next  twelve,  those  of  the  twelve 
experiments  of  Series  2  ;  the  next  five,  those  of  the  five  experi- 
ments of  Series  3 ;  and  the  last  four,  those  of  the  four  experiments 
of  Series  4.  It  may  be  added  that  there  were  three  pigs  in 
each  pen  of  Series  1,  2,  and  4,  and  four  in  each  pen  of 
Series  3. 

The  plan  of  the  diagrams  in  other  respects  will  be  best 
understood  by  giving  an  example.  Take,  for  instance,  the 
amounts  of  nitrogenous  substance  consumed  per  100  lb.  live- 
weight  per  week,  as  represented  in  black,  in  the  left-hand 
division  of  Diagram  I.  The  lowest  amount  so  consumed 
throughout  the  thirty  experiments  was  in  pen  5;  and  that 
amount  is  taken  as  100,  and  as  the  standard  by  which  to  com- 
pare the  amounts  consumed  in  the  other  pens ;  and  it  will  be 
seen  that,  in  the  case  of  this  pen  5,  the  colouring  does  not 
extend  above  the  base-line,  which  is  numbered  100  in  the  column 
of  figures  given  at  each  side  of  the  diagram.  It  will  be  further 
seen,  that  the  figures  range  up  to  300 ;  and  that,  for  example, 
in  the  case  of  pen  1  the  black  colouring  extends  above  the 
300  line.  That  is  to  say,  there  were  more  than  300  parts  of 
nitrogenous  substance  consumed  in  that  pen,  against  only  100 
in  pen  5.  In  like  manner,  the  height  of  the  colouring  for  each 
of  the  other  pens  represents  the  proportion  of  nitrogenous 
substance  consumed  in  that  pen,  compared  with  the  amount  in 
pen  5  taken  as  100. 

Exactly  the  same  plan  is  adopted  in  representing  the 
relative  amounts  of  non-nitrogenous,  and  of  total  organic  sub- 
stance, consumed  in  the  difierent  pens.  Thus,  the  lowest 
amount  of  non-nitrogenous  substance  consumed  per  100  lb. 
live- weight  per  week  was  in  pen  10,  which  is  therefore  repre- 
sented as  100,  and  the  relative  amounts  consumed  in  the  other 
pens  are  represented  by  the  difierent  heights  of  the  yellow 
colouring  above  the  100  base-line. 

Again,  of  total  organic  substance  consumed  per  100  lb.  live- 
weight  per  week,  the  lowest  amount  was  in  pen  23,  and  the 
greater  amount  so  consumed  in  each  of  the  other  pens  is  repre- 
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sented  by  the  height  above  the  base-line  of  the  red  colouring  in 
each  case. 

It  need  only  be  added  that  precisely  the  same  plan  is  fol- 
lowed in  the  constmction  of  Diagram  II.,  which  shows  the 
relative  amomits  of  the  substances  consumed  in  the  different 
experiments  to  produce  100  lb.  increase  in  live-weight. 

Referring  to  the  results,  and  first  to  those  represented  in 
Diagram  I.,  which  shows  the  relative  amounts  consumed  per 
100  lb.  live-weight  per  week,  a  glance  brings  strikingly  to  view 
the  fact,  that  there  was  no  uniformity  whatever  in  the  amounts 
of  nitrogenous  substance  so  consumed  in  the  thirty  different 
cases,  representing  as  many  different  rations.  Indeed,  it  is  seen 
that  the  amounts  ranged  in  the  proportion  of  100  to  more  than 
300 ;  with  very  great  variation  between  these  amounts.  The 
range  in  the  non-nitrogenous  substance  so  consumed  is,  on  the 
other  hand,  very  mach  less ;  reaching  in  but  few  cases  from  100 
to  150.  Lastly,  in  the  case  of  the  total  organic  substance  the 
range  is  less  still. 

Next,  referring  to  Diagram  II.,  showing  the  relative  amounts 
of  the  different  constituents  consumed  to  produce  100  lb.  increase 
in  live-weight,  there  is  again  no  uniformity  in  the  amounts  of 
nitrogenous  substance  so  consumed.  There  is,  however,  great 
uniformity  in  the  amounts  of  the  non-nitrogenous  substance  con- 
sumed ;  and  there  is,  in  the  majority  of  cases,  about  the  same 
uniformity  in  those  of  the  total  organic  substance  consumed. 

It  should  be  understood  that,  in  these  diagrams  relating  to 
pigs,  as  in  the  table  relating  to  the  experiments  with  sheep,  it 
is  the  amounts  of  the  crude  nitrogenous,  the  crude  non-nitrogen- 
ous, and  the  crude  total  organic  substance,  as  determined  by  the 
methods  of  analysis  already  described,  and  which  were  the  only 
ones  practicable  at  the  time,  that  are  represented.  Of  course, 
therefore,  the  indications  of  the  actual  results  have,  as  in  the  case 
of  those  with  sheep,  to  be  interpreted  with  due  regard  to  the 
known  facts  in  each  case.  But,  to  meet  objection,  we  nearly  twenty 
years  ago  re-calculated  the  results,  and  re-constructed  the  Dia- 
grams, making  correction  for  indigestible  or  non-available  con- 
stituents in  the  various  foods,  in  accordance  with  the  then  pub- 
lished Tables  of  Professor  Emil  von  Wolff;  and  more  recently,  as 
in  the  case  of  the  experiments  with  sheep,  we  have  had  them 
again  re-calculated  according  to  his  subsequently  revised  Tables, 
already  referred  to. 

It  may  be  stated  that  the  diagrams,  as  first  re-constructed, 
entirely  confirmed  the  conclusions  previously  drawn ;  and,  indeed, 
illustrated  the  points  brought  out  by  those  at  first,  and  now 
again  given,  even  more  strUdngly  stilL    That  is,  they  showed 
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a  wider  range  in  the  amounts  of  the  nitrogenous  substance  oon* 
sumed  in  the  different  experiments ;  with  one  or  two  easily  ex- 
plained exceptions,  a  less  variation  in  the  amounts  of  the  non- 
nitrogenous  substance  ;  and  especially  a  less  range  in  the  amounts 
of  total  organic  substance  consumed.  The  two  methods  showed, 
moreover,  with  some  obviously  necessary  exceptions,  compara- 
tively littie  di£krence  in  what  is  called  the  "  nutritive  ratio/* 
that  is  the  relation  of  the  non-nitrogenous  to  the  nitrogenous 
constituents.  As  it  is  impossible  on  this  occasion  to  give  and 
discuss  both  sets  of  results,  it  seems  best,  after  this  explanation, 
to  adhere  to  the  originally  obtained  and  recorded  results  which 
led  to  the  conclusions  arrived  at  so  long  ago,  rather  than  to  adopt 
corrections  based  upon  factors  as  yet  not  sufficiently  established. 
Nevertheless,  it  is  satisfactory  to  find  that,  applying  the  best 
methods  of  correction  which  subsequent  investigations  suggest, 
the  conclusions  formerly  drawn  are  confirmed  and  emphasized, 
rather  than  in  any  way  vitiated  or  modified. 

In  conclusion  in  regard  to  this  branch  of  the  subject : — ^It 
must  be  considered  established,  that,  taking  ordinary  food-stuffs 
AS  they  go,  neither  the  amount  consumed  in  relation  to  a  given 
live-weight  of  the  animal  within  a  given  time  (which  of  course 
in  the  fattening  animal  covers  the  requirements  for  increase  as 
well  as  for  sustenance),  nor  the  amount  consumed  to  yield  a 
given  amount  of  increase  in  live-weight  (which  covers  the  require- 
ments for  sustenance  also),  was  at  all  in  proportion  to  the  amount 
of  the  nitrogenous  constituents  supplied.  It  is,  on  the  other 
hand,  obvious  that  the  consumption,  both  for  sustenance  and  for 
increase,  was  much  more  nearly  in  proportion  to  the  amount  of 
the  digestible  and  available  non-nitrogenous  constituents  sup- 
plied ;  but,  that  it  was  more  nearly  still  regulated  by  the 
amount  of  the  total  digestible  organic  substance — nitrogenous 
and  non-nitrogenous  together — ^which  the  foods  supplied.  The 
indication  is,  indeed,  as  will  be  more  clearly  seen  further  on, 
that,  if  there  be  a  deficiency  of  available  non-nitrogenous  con- 
stituents, an  excess  of  the  nitrogenous  may  to  a  certain  extent 
take  the  place  of  the  non-nitrogenous;  that,  in  fact,  within 
certain  limits,  the  two  classes  of  constituents  may,  for  the  pur- 
poses of  respiration  and  fat-formation,mutually  replace  each  other. 

When  ^e  character  of  the  main  products  of  respiration,  and 
the  prominence,  in  a  quantitative  sense,  of  the  respiratory  func- 
tion in  the  maintenance  of  the  body,  are  considered,  it  seems 
only  what  might  be  expected,  that  the  consumption  by  a  given 
live- weight  of  animal  within  a  given  time,  should  be  regulated, 
more  by  the  supplies  in  the  food  of  the  oxidable  non-nitrogenous, 
than  of  the  nitrogenous  or  more  specially  flesh-forming  con- 
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stitaents ;  and  now  that  it  is  known,  as  will  further  on  be  shown 
is  the  case,  that,  in  the  exercise  of  force  the  respiratory  action  is 
enormously  increased,  whilst  that  of  nitrogenous  transformation 
is  but  little  augmented,  the  result  is  rendered  still  more  con- 
sistent and  intelligible. 

That  the  increase  in  liy&-weight  of  the  animal  should  (provided 
the  food  be  not  abnormally  poor  in  nitrogenous  substances),  also 
be  regulated  more  by  the  supplies  of  the  non-nitrogenous  than 
of  the  nitrogenous  or  flesh- forming  constituents,  does  not  at 
first  sight  seem  so  intelligible. 

There  is,  however,  no  doubt  of  the  fact,  that  our  current 
fattening  rations  are,  as  such,  more  valuable  in  proportion  to 
their  richness  in  digestible  and  available  non-nitrogenous,  than 
to  that  of  their  nitrogenous,  constituents.  At  the  same  time,  as 
the  manure  is  valuable  largely  in  proportion  to  the  nitrogen  it 
contains,  there  is,  so  far,  an  advantage  in  giving  a  food  rich  in 
nitrogen,  provided  it  is  in  other  respects  a  good  one,  and,  weight 
for  weight,  not  much  more  costly.  But,  since  in  recent  years  the 
vegetable  products  most  benefited  by  nitrogenous  manures  have 
been  so  largely  imported  as  much  to  reduce  the  value  of  the 
home-grown  crops,  even  this  advantage  of  highly  nitrogenous 
food-stuffs  is  becoming  of  less  importance,  and  that  of  having 
the  best  food  for  the  progress  of  the  animal  one  of  more  and 
more  consideration. 

The  question  obviously  suggests  itself.  Of  what  does  the  in- 
crease of  the  animal  chiefly  consist  ?  To  experimental  evidence 
on  this  point  attention  will  next  be  directed. 

CoMPOsmoN  OF  Oxen,  Sheep,  and  Pigs,  and  of  theib 

Increase  whilst  Fattening. 

It  is  proposed  to  show  the  composition  of  some  of  the  animals 
of  the  farm  in  different  conditions  as  to  age  and  fatness ;  to  esti- 
mate the  probable  composition  of  their  increase  in  live-weight 
during  the  fattening  process;  and  to  show  the  relation  of 
the  constituents  in  the  increase  to  those  consumed  in  the 
food.  The  results  which  have  been  obtained  will  also  afibrd 
data  for  the  discussion  of  the  question  of  the  sources  in  the 
food  of  the  fat  produced  in  the  animal  body ;  they  will,  further, 
supply  evidence  as  to  the  composition  of  the  manure  in  relation 
to  that  of  the  food  consumed ;  and  lastly,  they  will  lead  to  a 
consideration  of  the  characteristic  food-requirements  of  the  body 
in  the  exercise  of  force. 

To  determine  the  ultimate  composition,  and  in  a  sense  the 
proximate  composition  also,  of  oxen,  sheep,  and  pigs,  and  under 
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9ach  conditions  that  the  reenltB  obtained  ahonld  serve  as  data  for 
the  estimation  of  the  probable  composition  of  their  increase  whilst 
growing  and  fattening,  ten  animals  were  selected  for  analysis, 
r  amely  : — ^a  &t  calf,  a  half-fat  ox,  and  a  fat  ox ;  a  &t  lamb,  a 
store  sheep,  a  half-fat  old  sheep,  a  fat  sheep,  and  an  extra^at 
sheep ;  a  store  pig,  and  a  fat  pig. 

Table  III.  (p.  25)  shows  the  percentage  of  mineral  matter,  of 
nitrogenous  compounds,  of  fat,  of  total  dry  substance,  and  of 
water — ^in  the  upper  division  in  the  collective  carcass  parts,  in 
the  middle  division  in  the  collective  o&X  parts  (excluding  contents 
of  stomachs  and  intestines),  and  in  the  lower  division  in  the  entire 
bodies  of  the  ten  animals.  The  weight  of  the  contents  of 
stomachs  and  intestines  is  also  given. 

It  may,  in  the  first  place,  be  observed  that,  comparing  one 
animal  with  another,  all  the  results  tend  to  show  a  prominent 
connexion  between  ti)e  amount  of  total  mineral  matter  and  that 
of  the  nitrogenous  constituents  of  the  body;  there  being  a 
general  tendency  to  a  rise  or  fall  in  the  percentage  of  mineral 
matter,  with  the  rise  or  £a11  in  that  of  the  nitrogenous  compounds. 

Comparing  the  composition  of  the  different  carcasses,  it  is 
seen  that  there  was,  in  every  instance  excepting  that  of  the  calf, 
a  considerably  higher  percentage  of  fat  than  of  total  nitrogenous 
substance. 

In  the  carcass  of  even  the  store  or  lean  sheep  there  was  more 
than  one  and  a  half  times  as  much  fat  as  nitrogenous  substance  ; 
and  in  that  of  the  store  or  lean  pig  there  was  twice  as  much. 
In  the  carcass  of  the  half-&t  ox  there  was  one-fourth  more  &t 
than  nitrogenous  matter ;  and  in  that  of  the  half-fat  old  sheep 
there  was  more  than  twice  as  much. 

Of  the  fatter  animals,  those  assumed  to  be  in  a  suitable  con- 
dition for  sale  as  human  food,  the  carcass  of  the  fat  ox  oontwied 
twice  and  one-third  as  much,  that  of  the  fat  sheep  four  times, 
and  that  of  tiie  very  fat  sheep  even  six  times,  as  much  &t  as 
nitrogenous  substance.  Lastly,  in  the  carcass  of  the  moderately 
fat  pig,  there  was  nearly  five  times  as  much  fat  as  nitrogenous 
compounds. 

Turning  now  to  the  second  division  of  the  Table  (m.),  which 
shows  the  composition  of  the  collective  oflal  parts  (excluding 
contents  of  stomachs  and  intestines),  the  figures  do  not  show 
such  a  uniform  tendency  to  a  diminution  in  the  percentage  of 
mineral  matter  coincidently  with  that  of  the  nitrogenous  sub- 
stance as  the  animal  matures,  as  was  observed  in  the  case  of  the 
carcasses.  This,  however,  is  doubtless  due  to  the  £Act  that  the 
ash  of  the  offal  parts  includes  adventitious  matter  adhering  to 
the  pelt,  hair,  or  wool,  which  it  was  impossible  entirely  to  remove. 
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Table  III. — Percentage  Composition  of  the  Carcassesy  the  Offaly  and 
ike  Entire  Bodies,  of  Ten  Animalsy  of  different  Descriptions,  or  in 
different  Conditions  of  Maturity, 


DesoripUou  of  aulmal 


Mineral 

matter 

(ash) 


Nitro- 
genous 
substance 


Fat 


Total  drj 
substanoe 


Water 


Contents 
of  stom- 
achs and 
intestines 
(in  moist 
state) 


PER  CENT.   IN   CARCASS. 


Fat  calf    . 
Ualf-fat  ox 
Fat  ox 

Fat  lamb  . 
Store  sheep 
Half-fat  old  sheep 
Fat  sheep 
Extra-fat  sheep 


Store  pig  . 
Fat  pig     . 


4-48 
5-56 
4-66 

3-63 
4-36 
413 
3-46 
2-77 

2-57 
1-40 


Means  of  all 


3-69 


16-6 
17-8 
15-0 

10-9 
14-6 
14-9 
11-6 
91 

140 
10-6 

13-5 


1     16-6 

37-7 

62-3 

22*6 

46*0 

640 

34-8 

54-4 

46-6 

369 

61-4 

48-6 

23-8 

42-7 

67-3 

31-3 

60-3 

49-7 

46-4 

60-3 

89-7 

661 

670 

330 

281 

44-7 

55-3 

49-6 

61*4 

88-6 

34-4 

51-6 

48-4 

PER  CENT.  IN   OFFAL  (EXCLUDING  CONTENTS  OF  STOMACHS 

AND   INTESTINES). 


Fat  calf    . 
Half -fat  ox 
Fat  ox 

Fat  lamb  . 
Store  sheep 
Half -fat  old  sheep 
Fat  sheep 
Extra-fat  sheep 

Store  pig  . 
Fat  pig     . 


Means  of  all 


361 
40-4 


64-9 
69-6 


47-2 

62-8 

41-6 

58-6 

... 

36-3 

63-7 

38-9 

611 

— 

44-8 

66-2 

— 

64*9 

451 

— 

321 

67-9 

40-6 

69-4 

— 

41-2 

58-8 

PER  CENT.   IN   THE  ENTIRE  ANIMAL  (FASTED   LIVE-WEIGHT). 


Fat  calf    . 
Half-fat  ox 
Fat  ox 

Fat  lamb  . 
Store  sheep 
Half-fat  old  sheep 
Fat  sheep 
Extra-fat  sheep 

Store  pig . 
Fat  pig     . 


3-80 
4-66 
892 

2-94 
316 
317 
2-81 
2-90 

2-67 
1*65 


16-2 
16-6 
14-5 

12-3 
14-8 
140 
12-2 
10-9 

13-7 
10-9 


14-8 
19-1 
30-1 

28-6 
18-7 
23-5 
36-6 

46-8 

28-3 
42-2 


33-8 
40-3 
48-6 

43-7 
36-7 
40-7 
50-6 
59-6 

39-7 
64-7 


630 
51-6 
46'5 

47-8 
57-3 
50-2 
43-4 
36-2 

651 
41*3 


Means  of  all  '    817    I     13-5        28*2    i    449    I    490 


317 
819 
5-98 

8-64 
600 
9-05 
602 
5*18 

5-22 
3-97 

613 
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It  is  seen  that  the  percentage  of  nitrogenous  substance  is  in 
every  case  but  one  greater,  and  that  of  the  fat  very  much  less,  in 
the  collective  o&l  than  in  the  collective  carcass  parts.  In  the 
case  of  oxen  and  sheep,  a  large  amount  of  the  nitrogenous  sub- 
stance of  the  offal  is  in  the  non-consumable  portions — ^the  pelt, 
hair  or  wool,  and  hoofs ;  whilst  some  of  the  remainder  is  in  the 
stomachs  and  intestines,  which  are  only  very  partially  consumed, 
and  the  rest  in  other  parts  which  are  more  generally  consumed, 
namely — ^the  head  flesh,  with  tongue  and  brains,  the  heart,  the 
liver,  the  pancreas,  the  spleen,  the  diaphragm,  and  sometimes 
the  lungs. 

Lastly,  in  regard  to  the  composition  of  the  collective  offid 
parts,  it  is  seen  that  they  contain  a  higher  percentage  of  nitro- 
genous substance,  a  lower  percentage  of  fat,  and  a  lower  percentage 
of  total  dry  substance,  and  consequeutly  a  larger  projiortion  of 
water,  than  the  collective  carcass  parts. 

It  is  obviously  a  matter  of  interest,  both  from  a  dietetic  point 
of  view,  and  as  showing  what  proportion  of  the  gross  product  of 
the  feeding  process  is  saleable  as  human  food,  to  consider  what 
proportion  of  the  fat,  and  of  the  nitrogenous  substance,  of  the 
slaughtered  animals  will,  on  the  average,  be  consumed  as  human 
food  in  one  form  or  another.  The  result  of  much  inquiry  leads 
to  the  conclusion  that,  in  our  own  country,  on  the  average,  the 
whole  of  the  carcass  fat,  and  about  one-flfth  of  the  offal  fat,  of 
oxen  will  be  consumed  ;  that  of  sheep,  an  amount  equal  to  the 
whole  of  their  carcass  fat  will  be  consumed ;  and  that  of  the  pig, 
an  amount  equal  to  the  whole  of  its  carcass  fat,  and,  in  addition, 
more  or  less  of  its  offal  fat,  will  be  sold  and  consumed  as  food. 

Calculation  leads  to  the  conclusion,  that  about  one-sixth  of 
the  whole  of  the  nitrogenous  matter  of  the  collective  offal  parts 
of  oxen  will,  on  the  average,  be  consumed,  but  that  the  whole  of 
the  nitrogenous  matter  reclaimed  as  food  from  the  offal  parts 
will  fall  short  of  the  amount  contained  in  the  bones  of  the  carcass. 
So  nearly,  however,  will  these  quantities  balance  one  another, 
especially  if  a  portion  of  the  gelatine  from  the  carcass-bones  be 
consumed,  that  it  may  be  assumed  that,  of  the  total  nitrogenous 
substance  of  the  bodies  of  these  animals,  only  about  as  much  as, 
or  very  little  more  than,  is  represented  by  the  total  amount  in 
the  carcasses,  will  be  consumed.  In  the  case  of  pigs,  however, 
a  larger  proportion  of  the  total  nitrogenous  substance  of  the 
body  will  be  consumed  than  in  that  of  the  other  animals ;  but, 
as  the  Table  shows,  the  percentage  of  total  nitrogenous  substance 
is  less,  and  that  of  the  fSsit  much  greater,  in  the  pig  than  in  the 
other  animals. 

Upon  the  whole,  therefore,  it  would  seem  that  the  proportion 
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of  the  consQined  fat  to  the  consumed  nitrogenous  substance  will, 
on  the  average,  be  greater  than  its  proportion  in  the  total 
carcasses  of  the  fattened  animals.  Such  is  pretty  certainly  the 
case  in  our  own  country ;  but  the  relations  are  ^dinittedly  far 
otherwise  in  the  United  States,  and  it  is,  to  say  the  least,  very 
questionable  whether  the  difference  is  to  the  advantage  of  the 
consumers  in  that  country. 

Let  us  now  turn  to  the  lower  division  of  the  Table  (III.), 
showing  the  composition  of  the  entire  bodies  of  the  animals, 
which,  of  course,  represents  the  gross  product  of  the  feeding 
process.  It  is  this,  therefore,  that  is  of  most  interest  to  the 
farmer  to  consider  in  connexion  with  the  composition  of  the 
food  expended  in  its  production. 

As  was  the  case  in  the  carcasses,  there  is  also  in  the  entire 
bodies  a  marked  diminution  in  the  percentage  of  mineral 
matter  as  the  animal  matures.  Judging  from  the  results  of  the 
analyses  of  the  ashes  of  the  animal  bodies,  it  may  be  stated  in 
general  terms,  that  about,  or  rather  more  than,  40  per  cent,  of 
the  total  mineral  matter  of  the  animals  is  phosphoric  acid.  In 
the  case  of  oxen  and  sheep,  nearly  45  per  cent.,  and  in  that  of 
pigs  about  40  per  cent.,  will  be  lime ;  whilst  of  potash,  the  ash 
of  oxen  and  jaheep  will  probably  contain  from  5  to  6  per  cent., 
and  that  of  pigs  7  to  8  per  cent,  or  more. 

Of  total  nitrogenous  compounds,  as  well  as  of  total  mineral 
matter,  oxen  seem  to  contain,  in  parallel  conditions,  a  rather 
higher  percentage  than  sheep,  and  sheep  rather  more  than  pigs. 
It  is  seen  that  tibe  entire  body  of  the  &t  calf  contained  about 
15^,  that  of  a  moderately  fat  ox  14^,  of  a  fat  lamb  12^,  of  a  fat 
sheep  12^,  of  a  very  fat  one  about  11,  and  of  a  moderately  fat- 
tened pig  also  about  11  per  cent,  of  nitrogenous  substance. 
The  store  or  lean  animals  contained  from  2  to  3  per  cent,  more 
than  the  moderately  &t  ones. 

The  figures  show,  on  the  other  hand,  that  fat  constitutes  by 
far  the  largest  item  in  the  dry  or  solid  matter  of  the  entire 
bodies  of  the  animals ;  especially  of  those  fit  for  slaughtering  as 
human  food.  Even  the  half-fat  ox  contained  about  19  per  cent, 
of  fat,  or  more  than  of  nitrogenous  substance.  The  entire  body 
of  the  store  sheep  also  contained  nearly  19  per  cent,  of  fat,  that 
is,  several  per  cent,  more  than  of  nitrogenous  substance ;  that 
of  the  half-fat  old  sheep  23^  per  cent.,  or  more  than  1^  times 
as  much  as  of  nitrogenous  substance ;  and  that  of  the  store  pig 
also  more  than  23  per  cent,  of  fat,  and  about  If  times  as  mu(£ 
as  of  nitrogenous  substance. 

Of  the  fattened  animals,  the  entire  body  of  the  fat  ox  con- 
tained rather  more,  and  that  of  the  fat  lamb  rather  less,  than  30 
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per  cent,  of  fat ;  that  of  the  fat  sheep  35^  per  cent.,  of  the  very 
fat  sheep  45f  per  cent.,  and  that  of  the  &t  pig  about  42  per 
cent,  of  fat.  The  fat  calf,  however,  contained  even  rather  less 
than  15  per  cent,  of  t&t. 

Thus  the  entire  bodies,  even  of  store  or  lean  animals,  may 
contain  more  fat  than  nitrogenous  compounds,  whilst  those  of 
fattened  animals  may  contain  several  times  as  much.  That  of 
the  fat  ox  contained  more  than  twice  as  much,  that  of  the 
moderately  fat  sheep  nearly  three  times,  of  the  very  fat  sheep 
more  than  four  times,  and  of  the  moderately  fattened  pig  about 
four  times,  as  much  &t  as  nitrogenous  substance. 

In  conclusion  on  this  point — all  the  experimental  evidence 
concurs  in  showing,  that  the  so-called  faitemng  of  animals  is 
properly  so  designated.  During  the  feeding  or  fattening  pro- 
cess the  percentage  of  the  toted  dry  substance  of  the  body  is 
considerably  increased;  and  the  fetty  matter  accumulates  in 
much  larger  proportion  than  the  nitrogenous  substance.  It  is 
evident,  therefore,  that  the  increase  of  the  &ttening  animal 
must  contain  a  lower  percentage  of  nitrogenous  substwoe,  and 
a  higher  percentage  of  both  fat  and  total  dry  substance,  than 
the  entire  body  of  the  animal. 

It  is  obvious,  however,  that  the  results  of  the  analyses  of 
the  ten  animals  do  not  supply  data  directly  applicable  for  the 
estimation  of  the  composition  of  animals  in  the  very  various 
conditions  in  which  they  are  dealt  with  in  practice,  or  of  their 
increase  over  any  given  period  under  varying  conditions  of  feed- 
ing. Accordingly,  we  have  constructed  tables  founded  on  the 
analytical  results  above  referred  to,  showing  the  probable 
average  percentage  composition  of  the  difierent  descriptions  of 
animal,  each  at  eight  gradationary  points,  from  the  store  to  the 
very  fat  condition ;  and  the  factors  thus  obtained  have  been 
applied  for  the  calculation  of  the  composition  of  the  increase  in 
a  number  of  cases  of  ordinary  practice,  or  of  direct  experiment 
in  which  the  weights  of  the  animals  at  the  commencement  and 
at  the  conclusion  of  a  fixed  period,  the  general  character  of  the 
food  they  consumed,  and  their  final  condition,  were  more  or  less 
fully  known.  It  is  admitted  that  these  eight  conditions  do  not 
cover  all  the  variations  of  composition  occurring  in  actual  prac- 
tice ;  but  at  the  same  time  there  can  be  no  doubt  that  by  the 
aid  of  such  factors  the  feeder  would  be  enabled  to  calculate,  with 
sufficient  approximation  to  the  truth  for  all  practical  purposes, 
the  composition  of  the  store  animals  he  buys  or  sells,  and  of  the 
fat  ones  he  sells.  At  any  rate,  we  believe  that  the  results  are  the 
best  that  existing  knowledge  enables  us  to  provide. 

It  is  impossible  to  go  into  any  detail  here,  either  as  to  the 
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composition  of  the  animals  at  the  different  stages,  or  as  to  the 
estimated  composition  of  their  increase,  but  the  results  may  be 
briefly  summarised  as  follows : — 

In  the  case  of  oxen,  the  figures  representing  the  composition 
of  the  animals  at  different  stages  of  progress  show — ^that  the 
percentage  of  mineral  matter  ranged  from  5*15  in  the  store  to 
only  3*43  in  the  very  fat  condition ;  that  of  the  nitrogenous 
substance  &om  18*0  in  the  store  to  only  13*1  in  the  very  fat 
state;  and  that  of  the  fat  increased  from  11*7  in  the  store  to 
37*4  in  the  very  fat  condition.  Again,  the  percentage  of  total 
dry  substance  increases  from  only  34*8  in  the  store  to  54*0  in 
the  very  fat  condition.  Lastly,  the  percentage  of  water  decreases 
from  the  store  to  the  very  fat  condition. 

The  parallel  results  for  sheep  show  that  the  percentage  of 
mineral  matter  ranges  from  3*25  in  the  store  to  only  2*90  in 
the  very  fat  animal ;  the  nitrogenous  compounds  from  15*5  per 
cent,  in  the  store  to  only  10*9  per  cent,  in  the  very  fat  condition ; 
and  against  these  reductions  the  fat  increases  from  14*5  per 
cent,  in  the  store  to  45*8  per  cent,  in  the  very  fat  condition ; 
and  the  total  dry  substance  from  33*2  per  cent,  to  59*6  per 
cent.  There  is,  therefore,  a  lower  percentage  of  total  dry 
substance  in  the  store  sheep  than  in  the  store  ox,  owing  to  the 
less  amount  of  mineral  and  nitrogenous  matter  in  the  store 
sheep.  There  is,  on  the  other  hand,  a  higher  percentage  of  dry 
substance  in  the  very  fat  sheep  than  in  the  very  fat  ox,  owing 
to  the  higher  percentage  of  fat  in  the  sheep.  Lastly,  in  the 
sheep,  the  percentage  of  water  diminishes  firom  the  earliest  to 
the  latest  stage  from  60'8  to  only  35*2. 

The  results  relating  to  the  composition  of  pigs  showed  a 
reduction  in  the  percentage  of  mineral  matter  from  2*93  in  the 
store  to  only  1*14  in  the  very  fat  condition ;  and  a  reduction 
in  that  of  nitrogenous  substance  from  14*4  in  the  store  to  9  5 
in  the  very  fat  state.  But,  instead  of  a  reduction,  there  is  an 
increase  in  the  percentage  of  fat  from  18*6  in  the  store  to  51*6, 
or  to  more  than  half  the  weight  of  the  body,  in  the  very  fat 
condition ;  and  there  is  an  increase  in  the  percentage  of  total 
dry  substance  from  35*9  in  the  store  to  62*2  in  the  very  fat 
condition ;  and  (excluding  contents  of  stomachs,  &c.)  a  reduc- 
tion in  the  percentage  of  water  from  58*6  to  34*4. 

It  may  be  observed  that  in  no  case  do  the  percentages  of 
total  dry  substance  and  of  water  make  up  100 ;  the  difference 
being  represented  by  the  contents  of  stomachs  and  intestines, 
the  amounts  of  which  found  in  the  animals  actually  analysed  are 
taken  as  the  basis  of  the  estimates  for  the  amounts  in  the  other 
conditions,  just  as  in  the  case  of  the  other  constituents  of  the  body. 
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Let  us  next  summarifie  very  briefly  the  results  of  the  applica- 
tion of  these  data  as  to  the  composition  of  the  animals  in  different 
conditions,  for  the  purpose  of  estimating  the  composition  of  tlieir 
increase  in  passing  from  one  condition  to  another. 

First,  referring  to  oxen,  the  composition  of  their  increaae 
during  the  feeding  process  has  been  estimated  in  the  case  of  the 
recorded  results  of  actual  practical  feeding,  in  some  cases  of 
large  numbers  of  animals,  and  over  considerable  periods  of  time. 
Other  cases  have  been  those  of  results  obtained  at  Bothamsted, 
or  under  Bothamsted  superintendence,  mostly  in  direct  feeding 
experiments,  but  sometimes  in  the  feeding  of  animals  in  the 
ordinary  practice  of  the  farm. 

Reviewing  the  whole  of  the  results,  the  indication  was,  that 
the  composition  of  the  increase  of  moderately  fattened  oxen 
during  a  final  fattening  period  of  several  months  will  contain 
about,  or  little  more  than,  1^  per  cent,  of  mineral  matter, 
seldom  more  than  7  to  8  per  cent,  of  nitrogenous  substance 
and  seldom  as  little  as  60,  and  generally  nearer  65  per  cent,  of 
fS%t ;  whilst  the  total  dry  substance  of  the  increase  will  generally 
range  from  70  to  75  per  cent.     In  the  case,  however,  of  oxen 
fattened  very  young,  and  the  feeding  period  extending  over  a 
much  longer  time,  similar  calculations  lead  to  the  conclusion 
that  the  growing  and  fattening  increase  of  such  animals  may 
contain  perhaps  2^  per  cent,  or  more  of  mineral  matter,  against 
only  about  1^  per  cent,  over  a  limited  final  period  of  more 
purely  fattening  increase;  about  10  per  cent,  of  nitrogenous 
substance,  against  only  7  to  8  per  cent,  in  the  only  fattening 
increase ;   and  perhaps   only  from  50  to  55  per  cent,  of  fat, 
against  from  60  to  65  per  cent,  in  the  more  exclusively  fatten- 
ing increase.     In  fact,  whilst  the  growing  and  fattening  increase 
would  consist  of  about  two-thirds  dry  substance  and  one-third 
water,  that  of  the  more  purely  fattening  increase  would  consist 
of  nearly  three-fourths  dry  substance  and  only  about  one-fourth 
water. 

Similar  results  relating  to  sheep  lead  to  the  conclusion  that 
during  a  final  period  of  some  months  of  feeding  on  good  fatten- 
ing food,  their  increase  will  generally  contain  not  less  than  2 
per  cent,  of  mineral  matter,  and  frequently  more ;  that  is,  dis- 
tinctly more  than  in  the  case  of  oxen,  the  quantity  largely 
depending  on  the  amount  of  wool.  Of  nitrogenous  substance, 
the  final  &ttening  increase  of  sheep  will  probably  seldom  con- 
tain more  than  7  per  cent.,  and  frequently  somewhat  less.  In 
other  woi*ds,  notwithstanding  the  large  amount  of  nitrogen  in 
the  wool  of  sheep,  their  fattening  increase  will  probably  gene- 
rally contain  less  nitrogenous  substance  than  that  of  oxen.     On 
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the  other  hand,  the  increaae  of  well-fed  and  moderately  fattened 
sheep  will  generally  contain  nearly,  and  sometimes  more  than, 
70  per  cent,  of  fat,  against  an  average  of  less  than  65  per  cent, 
in  the  case  of  oxen ;  and  in  the  case  of  very  fat  sheep  the  per- 
centage of  fat  in  the  increase  may  even  reach  75  per  cent. 

Upon  the  whole,  it  may  be  assumed  that  the  increase  of 
liberally  fed  and  moderately  fattened  sheep,  over  several  months 
of  final  fattening,  will  probably  consist  of  about  2  per  cent,  of 
mineral  matter,  about,  or  less  than,  7  per  cent,  of  nitrogenous 
substance,  and  from  65  to  70  per  cent,  of  fat ;  and  in  all,  of  from 
75  to  80  per  cent,  of  total  dry  substance  ;  whilst  the  increase  over 
the  final  period  of  excessive  fattening  may  contain  from  70  to  75 
per  cent,  of  fat,  and  from  80  to  85  per  cent,  of  total  dry  sub- 
stance. 

Beferring  to  pigs,  the  increase  of  those  liberally  and  suitably 
fed  for  fresh  pork  will  probably,  on  the  average,  contain — ^an 
immaterial  amount  of  mineral  matter,  only  from  6^  to  7^  per 
cent,  of  nitrogenous  substance,  from  65  to  70  per  cent,  of  fat, 
and  from  70  to  75  per  cent,  of  total  dry  substance.  The 
increase  over  the  last  few  months  of  high  feeding  of  pigs  fed 
for  curing  will,  however,  probably  contain  lower  percentages  of 
nitrogenous  substance,  but  higher,  and  sometimes  considerably 
higher,  percentages  of  both  fat  and  total  dry  substance.  The 
tendency  of  the  demand  in  recent  years  has,  however,  been  for 
less  excessively  fat  bacon  than  formerly. 

Thus  far,  then,  it  has  been  shown,  that  the  amounts  of  food, 
or  of  its  various  constituents,  consumed,  both  for  a  given  live- 
weight  of  animal  within  a  given  time,  and  to  produce  a  given 
amount  of  increase,  were  very  much  more  dependent  on  the 
quantities  of  the  non-nitrogenous,  than  on  those  of  the  nitro- 
genous constituents,  which  the  food  supplied.  It  has  been  said, 
that  when  the  large  requirement  for  non-nitrogenous  constitu- 
ents of  food  to  meet  the  expenditure  by  respiration  is  borne  in 
mind,  it  need  not  excite  surprise  that  consumption  in  relation 
to  a  given  live-weight  within  a  given  time  should  be  so  largely 
measurable  by  the  amount  of  digestible  and  available  non- 
nitrogenous  substance  which  the  food  supplies ;  but  that,  at  first 
sight,  it  was  less  intelligible  that  the  quantities  consumed  to 
produce  a  given  amount  of  increase  in  live-weight  should  also 
be  much  more  dependent  on  the  supplies  of  the  non-nitrogenous, 
than  on  those  of  the  nitrogenous,  constituents  of  the  food. 

The  results  relating  to  the  chemical  composition  of  the 
difierent  animals,  in  different  conditions  as  to  age  and  maturity, 
have  shown,  however,  that  even  store  animals  may  contain  as 
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much,  or  even  more,  of  the  non-nitrogenous  substance — fat — ^than 
of  nitrogenous  substance ;  whilst  the  bodies  of  fattened  animals 
may  contain  two,  three,  four,  or  even  more  times  as  much  dry- 
fat  as  dry  nitrogenous  matter.  It  has  ftirther  been  shown,  that 
the  proportion  of  fat  to  nitrogenous  substance  in  the  increcLse  in 
live-weight  of  the  fattening  animal  is  much  higher  than  in  the 
entire  bodies  of  the  fattened  animals.  If,  therefore,  the  non- 
nitrogenous  substance  of  the  increase — the  fat — is  derived  fix>Di 
the  non-nitrogenous  constituents  of  the  food,  the  relatively 
large  demand  for  such  constituents  for  the  production  of 
fattening  increase  would  seem  to  be  amply  accounted  for. 

The  important  question  arises,  therefore.  What  are  the 
sources  in  the  food  of  the  fat  of  the  fattening  animal  ?  In  other 
words,  from  what  constituent  or  constituents  in  the  food  is  the 
fat  produced  ? 

Sources  in  the  Food  of  the  Fat  produced  in  the 

Animal  Body. 

Prior  to  the  publication  of  Liebig's  work  on  Organic 
Chemistry  in  its  Applications  to  Physiology  and  Pathology^  in 
1842,  it  seems  to  have  been  assumed  that  the  Herbivora 
derived  their  fat  from  ready-formed  fatty  matters  in  their  food ; 
and  that  the  Camivora  derived  theirs  fix)m  the  ready-formed 
fat  of  the  animals  they  consumed.  Liebig  argued  that,  as  a 
rule,  the  food  consumed  by  the  herbivora  did  not  conl^in  suf- 
ficient fatty  matter  for  the  purpose ;  and  he  maintained  that, 
although  fat  might  be  formed  from  the  nitrogenous  substance 
of  the  food,  its  main  source  was  the  starch,  sugar,  and  other 
carbohydrates,  which  the  food  supplied. 

Dumas  and  Boussingault  ^  at  first  called  in  question  the  view 
that  fat  was  produced  in  the  animal  body,  and  assumed  that  the 
food  of  the  herbivora  supplied  sufficient  fatty  matter  to  account 
for  the  whole  of  the  fat  stored  up.  Subsequently,  however, 
Dumas  and  Milne-Edwards,*  from  the  results  of  experiments  with 
bees,  Persoz  ^  from  experiments  with  geese,  and  Boussingault  * 
from  those  with  pigs,  geese,  and  ducks,  concluded  that  fat  was 
formed  from  the  carbohydrates  of  the  food.  At  the  same  time 
Boussingault  considered  that,  in  normal  feeding,  the  amount  of 
albuminoids  consumed  would  generally  supply  sufficient  carbon 
for  the  production  of  the  fat  formed  by  the  animal. 

Next  came  the  evidence  of  the  Rothamsted  experiments,  the 

*  Balance  of  Organic  Nature^  1844,  p.  11^  et  seq, 
'  Compt,  Bend.  vol.  xvii.  p.  631. 

*  Ann,  Chim.  Phys.  vol.  xiv.  p.  408  et  seq. 

*  Ibid,  vol.  ziv.  p.  419  et  seq. ;  vol.  zviii.  p.  444  et  seq. 
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majority  of  which  were  conducted  within  the  years  1848-1853 
inclaaive.  They  involved  feeding  experiments  on  between 
400  and  500  animals,  with  foods  of  known  composition ;  the 
daughter,  determination  of  the  weights  of  the  parts,  and  noting 
on  the  character,  as  to  fatness,  &c.,  of  more  than  300  animals  ; 
and  finally,  the  chemical  analysis  of  ten  animals. 

In  the  first  place,  it  was  clearly  demonstrated  that  much 
more  fat  was  stored  up  in  the  bodies  of  the  fattening  animals 
than  could  be  derived  firom  the  ready-formed  fatty  matter  in 
their  food.  Secondly,  from  a  careful  study  of  the  enormous 
amount  of  experimental  data  obtained,  as  well  as  of  the  known 
facts  of  practical  experience  in  feeding,  it  was  considered  no 
doubt  whatever  could  be  entertained  that  much,  if  not  the 
whole,  of  the  fat  formed  in  the  bodies  of  the  herbivora  fed  for 
the  production  of  meat  was  derived  from  the  carbohydrates  of 
the  food. 

In  fact,  the  experimentally  determined  relation  of  the  non- 
nitrogenous,  and  of  the  nitrogenous  constituents  of  the  food, 
respectively,  to  the  amount  of  increase  produced ;  the  com- 
position of  fattening  increase  generally ;  the  relatively  greater 
tendency  to  grow  in  frame  and  to  form  flesh  with  highly  nitro- 
genous food ;  the  greater  tendency  to  form  fat  with  food  com- 
paratively rich  in  non-nitrogenous  substances,  and  especially  in 
carbohydi'ates ;  and  common  experience  in  feeding — all  pointed 
in  the  same  direction. 

For  some  years  there  was  little  or  no  discussion  on  the 
subject,  and  it  seemed  to  be  tacitly  admitted,  both  on  the 
Continent  and  in  this  country,  that  the  views  of  Liebig,  as  to 
the  formation  of  at  any  rate  much  of  the  fat  of  the  herbivora 
from  carbohydrates,  were  correct. 

In  1865,  however,  at  a  meeting  of  a  Congress  of  Agricultural 
Chemists  held  at  Munich  in  August  of  that  year,  Professor  Yoit, 
from  the  results  of  experiments  made  in  Pettenkofer's  respira- 
tion apparatus,  with  dogs  fed  chiefly  on  flesh,  maintained  that 
fat  must  have  been  produced  from  nitrogenous  substance ;  and 
that  this  was  probably  the  chief,  if  not  the  only,  source  of  the 
fat  even  of  herbivora. 

Pettenkofer  and  Yoit  further  maintained,  that  to  establish 
the  formation  of  fat  from  the  carbohydrates,  experiments  must 
be  brought  forward  in  which  the  fat  deposited  was  in  excess  of 
that  supplied  by  the  food,  plus  that  which  could  be  derived  from 
the  transformation  of  albumin. 

Of  course,  the  mere  fact  that  the  food  consumed  contained 
enough  nitrogenous  substance  for  the  formation  of  all  the  fat 
that  had  been  produced  would  of  itself  be  no  proof  that  that 
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sabstance  had  been  its  exdnsive  source.  On  the  other  hand,  if 
the  amount  of  fat  stored  np  in  the  animal  was  in  excess  of 
that  which  conld  be  derived  from  the  ready-formed  fatty  matter 
of  the  food,  and  from  the  transformation  of  the  nitrogenons 
substance,  it  would  be  proved  that  at  any  rate  some  of  the  stored- 
up  fat  must  have  had  another  source — ^and  this  could  only  be  the 
carbohydrates. 

Accordingly,  the  results  of  many  of  the  Bothamsted  feeding 
experiments  were  calculated  to  ascertain  whether  or  not  the 
ready-formed  fat  and  the  nitrogenous  substance  of  the  food  were 
sufficient  to  account  for  the  whole  of  the  fat  estimated  to  have 
been  stored  up.  None  of  the  experiments  had  been  specially 
arranged  with  a  view  to  the  elucidation  of  this  question.  In 
some  of  them,  however,  what  may  be  called  minimum  amounts, 
and  in  others  excessive  quantities,  of  nitrogenous  substance, 
had  been  consumed.  Some  of  the  results  seemed  to  us  to  aflford 
clear  evidence  on  the  point,  and  we  gave  a  paper  on  the  subject 
in  the  Physiological  Section,  at  the  Meeting  of  the  British  Abso- 
ciation  for  the  Advancement  of  Science  at  Nottingham,  in  1866  ; 
and  it  was  published,  in  abstract  in  the  Report  of  the  British 
Association  for  1866,  and  in  full  in  the  Philosophical  Magazine 
for  December  of  that  year.  And  as  it  is  upon  the  results  as 
then  given  that  any  subsequent  discussion  of  our  conclusion  has 
been  founded,  it  is  proposed,  in  the  first  place  to  consider  the 
evidence  afforded  by  those  results ;  but  literwards  to  adduce 
certain  modifications  of  some  of  them,  in  order  to  bring  them 
more  into  accord  with  recent  knowledge  on  some  points,  and  to 
meet  more  effectively  objections  that  have  been  raised  against 
the  conclusions  drawn  from  them. 

The  first  point  to  consider  was,  YHiat  description  of  animal 
is  likely  to  yield  the  most  direct  and  conclusive  results  on  the 
subject  ?  Obviously  the  one  which  is  fed  more  especially  with 
the  view  to  the  production  of  fat ;  which  consumes  in  its  most 
appropriate  fattening  food  a  comparatively  low  proportion  of 
nitrogenous  substance,  and  a  comparatively  high  proportion  of 
carbohydrates  ;  and  which  yields  a  large  proportion  of  fat,  both 
in  relation  to  the  weight  of  its  body  within  a  given  time,  and 
to  the  amount  of  food  consumed.  The  following  Table  (TV.) 
briefly  summarises  the  results  of  very  numerous  experiments 
with  oxen,  sheep,  and  pigs,  so  far  as  they  illustrate  the  com- 
parative characters  of  the  different  descriptions  of  animal  in 
regard  to  the  points  above  enumerated. 

In  the  first  place,  it  is  to  be  observed,  that  although  the 
proportion  of  intestines  and  contents  is  greater,  that  of  the 
stomach  and  contents  is  very  much  less,  in  the  pig  than  in 
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either  of  the  rnminants — as  also  is  that  of  the  stoinachs  and 
contents,  and  intestines  and  contents,  taken  together ;  the  per- 
centage of  these  collectively  being,  in  oxen  14*3,  in  sheep  10*9, 
and  in  pigs  only  7*5,  of  the  weight  of  the  body.  The  fact  is, 
that  the  appropriate  fattening  food  of  the  pig  consists  of  ripened 
seeds,  and  highly  starchy  roots,  containing  but  little  indigestible 
fibre,  whilst  that  of  the  ruminants  contains  a  considerable 
amount  of  slowly  digestible  or  indigestible  cellulose,  and  often 
a  much  greater  amount  of  indigestible  or  unassimilable  nitro- 
genous substance.  The  result  is,  that  a  less  proportion  of  the 
live-weight  of  the  pig  consists  of  more  or  less  effete  matter 
retained  in  the  alimentary  organs. 

Table  IV. — Shoioing  the  Comparative  Fattening  Qtuditiea  of 

different  AninyiU. 


1 

Oxen 

Sbeep     ' 

PIg« 

RELATION  OF  PARTS   IN   100  LIVE-WEIGHT. 

Average  of 

16 

11-5 

2-8 

U-8 
4-6 

70 
130 

38-9 

593 

1-8 

1000 

249 

3-5 

10-9 
70 

7-3 
160 

59 

Stomach  and  coDtents 
Intestines  and  contents 

.        •        . 

... 

... 
r,  gall-bladder 
and  blood 

•  •                • 

•  ■                • 

1-3 
6-2 

Internal  loose  fat       .        .        . 
Heart,  aorta,  longs,  windpipe,  llvei 
and  contents,  pancreas,  spleen, 
Other  ofiEal  parts 

7-5 

6-6 
11 

Total  ofSsX  parts 

Carcass       ..... 

40-2 

59-7 

01 

16-8 
82*6 

Loss  by  evaporation,  frc.    . 

•                •                ■ 

0-6 

Total    . 

1000 

100-0 

PER  100 

LIVE-WEIGHT. 

Dry  substance  consumed  in  food 
Increase  yielded  per  week 

per  week               12-6 

113 

1 

160 
1-76 

27-0 
6-43 

PER   ICO   DRY  , 

SUBSTANCE   OF   FOO 

D. 

70 

8-0 

31-9 

Fat  in  increase  .... 
Tot&l  dry  substance  in  increase 
Total  dry  substance  in  excretions 

•  •        • 

... 

•  .        • 

6-2 

62 

86-6 

15-7 
17-6 
16-7 

AVERAGE 

FAT  PER  CENT. 

In  lean  condition 

In  fat  condition 

In  increase  whilst  fattening 

•        .        • 

... 
... 

160 
30'0 
600 

180 
830 
65*0 

220 
44-0 
700 

36  The  Feeding  of  Animals. 

Then,  the  second  division  of  the  table  shows,  that  with  the 
mnch  higher  character  of  its  food,  and  the  much  less  proportion 
of  it  indigestible  and  effete,  the  pig  both  consomes  veiy  much 
more,  and  yields  very  much  more  increase,  for  a  given  live- 
weight  within  a  given  time. 

Lastly,  as  is  shown  in  the  third  division  of  the  table,  for 
100  of  dry  substance  of  food  consvmedy  the  pig  yields  very  much 
more,  both  of  fat  and  of  dry  substance  in  increase  ;  and,  on  the 
other  hand,  voids  very  much  less  of  dry  substance  in  urine  and 
in  fsBces. 

Thus,  as  compared  with  either  oxen  or  sheep,  the  pig  offers 
many  advantages  as  a  subject  for  the  consideration  of  the  rela- 
tions of  food  and  increase,  and  consequently  for  that  of  the 
source  in  the  food  of  the  fat  which  he  yields.  He  has  a  less 
proportion  of  alimentary  organs  and  contents ;  he  consumes 
more  food  in  proportion  to  his  weight ;  he  yields  a  larger  pro- 
portion both  of  total  increase  and  of  fat ;  and  finally,  much  less 
of  his  food  is  effete  and  voided.  The  general  result  is,  that 
changes  in  his  live-weight  are  in  a  much  less  proportion 
influenced  by  variations  in  the  contents  of  the  alimentary  organs, 
and  are,  therefore,  much  truer  indications  of  change  in  the 
substance  of  the  body ;  and  hence  the  range  of  error  in  calcu- 
lating the  amount  and  composition  of  his  increase  in  relation 
to  the  amount  and  composition  of  the  food  consumed  is  much 
less. 

Tlie  IlTyperiments  at  Rothamsted  with  Pigs. 

• 

In  the  selection  of  the  experiments  with  pigs,  for  calculating 
whether  more  fat  was  stored  up  than  could  possibly  have  been 
derived  from  the  ready -formed  fat  and  the  nitrogenous  substance 
of  the  food,  some  have  been  taken  in  which  the  proportion  of 
the  nitrogenous  to  the  non-nitrogenous  constituents  of  the  food 
was  abnormally  high,  and  others  in  which  it  was  fairly  normal, 
or  even  low.  In  all  cases,  the  experiments  were  conducted  for 
periods  of  not  less  than  eight  or  ten  weeks ;  and  the  amounts, 
both  of  total  increase,  and  of  fat  stored  up,  were  so  large  in 
proportion  both  to  the  original  weight  of  the  animal,  and  to 
the  amount  of  food  consumed,  that  the  data  obtained  may 
safely  be  relied  upon  for  the  settlement  of  the  question  at  issue. 

In  the  upper  portion  of  the  next  Table  (V.)  are  recorded 
some  particulars  of  the  nine  experiments  selected  for  calcu- 
lation, namely — the  description  of  the  food,  the  number  of 
animals  experimented  upon,  the  duration  of  the  experiment, 
the  original  and  final  live-weights,  the  increase  per  head  and  on 
100  original  weight,  the  percentage  of  carcass  in  fasted  live- 
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weight,  and  the  amount  of  crude  non-nitrogenous  to  1  of  crude 
nitrogenous  substance  in  the  food. 

The  middle  division  of  the  table  shows,  for  100  increase  in 
live^weight — the  amount  of  nitrogenous  substance  consumed  in 
the  food,  the  amount  of  it  estimated  to  be  stored  up  in  the 
increase,  and  the  quantity  remaining,  and  therefore  possibly 
available  for  the  formation  of  fat.  Next  there  are  given — ^the 
estimated  amount  of  fat  in  the  increase,  the  amount  rtody-formed 
in  the  food,  and  the  difference— that  is,  the  amount  newly- 
formed.  There  are  then  given — ^the  amounts  of  carbon  in  the 
estimated  newly-formed  fat,  the  amounts  in  the  available  nitro- 
genous substance  miivus  that  in  the  urea  formed,  supposing  the 
whole  of  the  nitrogen  not  stored  up  in  increase  to  contribute  to 
such  formation ;  and  lastly,  the  difference,  that  is,  the  amount  of 
carbon  available  from  the  nitrogenous  substance  for  the  forma- 
tion of  fat,  more  or  less  than  that  required  for  the  amount  of 
fat  produced. 

Then,  in  the  bottom  division  of  the  table  are  shown,  for 
100  of  carbon  in  the  estimated  produced  fed — ^the  amount  avail- 
able from  the  nitrogenous  substance,  and  the  amount  not 
available  from  that  source,  in  each  experiment ;  the  amount 
not  BO  available  representing,  of  course,  the  proportion  required 
ft^m  other  sources. 

It  is  hardly  necessary  to  point  out  that,  according  to  the 
above  mode  of  illustration,  the  figures  show,  not  only  the  ut- 
most proportion  of  the  stored-up  fat  which  could  possibly  have 
had  its  source  in  the  nitrogenous  substance  of  the  food,  bub 
notably  more  than  could  possibly  have  been  so  derived.  Thus, 
to  say  nothing  of  other  considerations,  it  has  been  assumed,  for 
simplicity  of  illustration,  and  for  the  sake  of  argument,  that 
the  whole  of  the  nitrogenous  substance  of  the  food  not  stored  up 
as  increase  would  be  perfectly  digested,  and  be  available  for 
fat-formation  ;  and  that,  in  the  breaking  up  of  the  nitrogenous 
substance  for  the  formation  of  fat,  no  other  carbon  compounds 
than  fat  and  urea  would  be  produced ;  and  lastly,  that  the 
whole  of  the  ready-formed  fatty  matter  of  the  food  has  con- 
tributed to  the  fat  stored  up.  It  is  obvious,  however,  that  these 
assumptions  are  in  part  improbable,  and  in  part  quite  in- 
admissible ;  whilst  the  tendency  of  the  error  is,  in  each  case, 
to  show  too  large  a  proportion  of  the  stored-up  fat  to  have  been 
possibly  derived  from  the  ready-formed  fat,  and  the  nitrogenous 
constituents,  of  the  food. 

It  is  obvious,  therefore,  that  where  the  figures  show  an 
excess  of  carbon  available  from  nitrogenous  substance  over 
that  which  would   be  required  if  the  produced  fat  had  been 
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formed  from  it,  the  excess  is  over-estimated ;  and,  on  the  other 
hand,  that  where  they  show  a  deficiency  of  nitrogenous  sub- 
stance for  such  formation,  the  deficiency  is  under-estimated; 
80  that,  in  fact,  the  amount  of  fat  required  to  be  derived  from 
other  sources  would  be  greater  than  the  figures  indicate. 
Indeed,  according  to  the  mode  of  calculation  adopted,  100  of 
nitrogenous  substance  would  yield  62  parts  of  fat ;  but  it  has  been  - 
fully  admitted  in  subsequent  discussions,  that  at  most  51*4  parts 
of  &t  could  possibly  be  derived  from  100  parts  of  proteid  sub- 
stance ;  and  more  recently  a  much  lower  figure  has  been  adopted. 

After  these  general  remarks,  we  may  now  turn  to  the 
consideration  of  the  results  of  the  different  experiments. 

In  experiment  1,  two  pigs  of  the  same  litter,  of  almost 
exactly  equal  weight,  and,  as  fkr  as  could  be  judged,  of  similar 
character,  were  selected.  One  was  killed  at  once,  and  the 
amount  of  total  dry  or  solid  matter,  of  nitrogenous  substance,  of 
fat,  and  of  mineral  matter,  determined  in  it.  The  other  was 
then  fed  for  a  period  of  ten  weeks  on  a  mixture  consisting  of — 
bean-meal,  lentil-meal,  and  bran,  each  1  part,  and  barley-meal 
3  parts,  given  ad  libitum.  It  was  then  weighed,  killed,  and  its 
composition  determined  as  in  the  case  of  the  other  animal.  In 
fact,  the  object  of  the  experiment  was,  to  determine  the 
composition  of  a  ''  store"  and  of  a  "/a^"  pig,  and  to  estimate 
the  composition  of  its  increase  whilst  fattening ;  and  the  data 
thus  provided  have  formed  the  basis  of  the  estimate  of  the  fat 
in  the  increase,  not  only  in  the  case  of  experiment  1,  to  which 
they  directly  apply,  but  in  that  of  each  of  the  other  eight  experi- 
ments, the-  results  relating  to  which  are  recorded  in  the  table. 
On  this  point  it  may  be  observed  that,  taking  into  consideration 
the  weight  and  condition  of  the  animals  at  tiie  commencement, 
the  character  of  the  foods,  the  length  of  the  fattening  period, 
the  proportion  of  increase  upon  the  original  live- weight,  and 
the  final  condition  of  the  animals,  it  may  perhaps  be  concluded, 
that  the  tendency  of  error  in  the  calculations  would  be  to  give 
the  proportion  of  fat  in  the  increase  somewhat  too  high  in 
experiments  2  and  3,  and  somewhat  too  low  in  experiments  6, 
7,  8,  and  9.  In  experiments  4  and  5,  however,  the  animals  were 
the  fattest  in  the  series  ;  and  it  will  be  seen  further  on,  that  the 
high  estimates  of  fat  in  the  increase  in  their  case  are  probably 
not  too  high — indeed,  in  experiment  5  even  somewhat  too  low. 

It  might  be  supposed  that,  at  any  rate  in  the  case  of 
experiment  1,  the  results  would  be  admirably  adapted  for  our 
present  purpose.  But  that  experiment  was  made  in  1850, 
that  is  nearly  45  years  ago,  and  before  we  had  acquired  suflS- 
cient  evidence  against  the  view  then  prevailing,  namely,  that 
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the  increase  of  the  fattening  animal  was  largely  dependent 
on  the  richness  of  the  food  in  nitrogenous  constituents ;  and 
everybody  having  experience  in  the  fattening  of  pigs  will  admit 
that,  in  tiiis  case,  the  food  was  much  more  highly  nitrogenous 
than  is  recognised  as  most  favourable  for  the  fattening  of  the 
animal.  In  fact,  it  is  seen  that  the  proportion  of  the  crude 
•  non-nitrogenous  to  1  of  crude  nitrogenous  substance  in  the  food 
was  only  3*6,  instead  of  about  6,  as  in  barley-meal.  There  was, 
therefore,  an  excess  of  nitrogenous  substance  consumed. 

Referring  to  the  middle  division  of  the  table,  the  calculated 
results  show  that,  for  100  increase  in  live-^eighij  100  of 
nitrogenous  substance  was  consumed  in  the  food.  Of  this, 
it  is  estimated  that  only  7*8  parts  were  stored  up  in  the  increase, 
leaving  92*2  parts  avaUable  for  the  possible  formation  of  fat. 

It  is  next  seen,  that  the  100  of  increase  was  estimated  to 
contain  63*1  parts  of  fat,  whilst  the  food  supplied  only  15*6 
parts,  leaving,  therefore,  at  least  47*5  parts  to  be  produced 
within  the  body.  The  figures  show  that  this  would  require 
36*6  parts  of  carbon,  whilst  44*0  parts  are  estimated  to  have 
been  available  from  the  nitrogenous  substance  of  the  food ; 
leaving,  therefore,  according  to  the  mode  of  calculation  adopted, 
7*4  parts  more  carbon  available  than  were  required  for  the 
formation  of  the  produced  fat.  Or,  as  shown  in  the  bottom 
division  of  the  table,  for  100  ca/rbon  in  the  estimated  newly ^ 
formed  fai,^  120*2  parts  were  available  from  the  nitrogenous 
substance  consumed  in  the  food. 

Here,  then,  the  calculations  afford  no  evidence  that  fbX,  must 
have  been  produced  from  carbohydrates.  But,  as  already 
explained,  the  mode  of  estimate  adopted  assumes  the  whole  of 
the  ready-formed  fat  in  the  food  to  have  been  stored  up,  and 
the  whole  of  the  carbon  of  the  nitrogenous  substance,  beyond 
that  in  the  animal  increase,  and  in  the  urea  formed,  to  have 
been  utilised  for  fat  formation.  Neither  of  these  assumptions 
is,  however,  admissible ;  and  it  will  be  seen  further  on,  when 
due  correction  is  made  in  regard  to  these  points,  that  even  in 
this  experiment,  with  so  abnormally  high  a  proportion  of 
nitrogenous  substance  in  the  food,  it  is  pretty  certain  that 
some  of  the  produced  &t  must  have  had  its  source  in  the 
carbohydrates. 

In  experiment  2,  the  food  consisted  of  bean-meal,  lentil- 
meal,  bran,  and  maize-meal,  each  given  separately,  and  ad 
Ubitum ;  and  in  experiment  3,  of  an  equal  mixture  of  bean-meal 
and  lentil-meal,  also  given  ad  libitum.  It  is  seen  that,  in  both 
cases,  the  proportion  of  crude  non-nitrogenous  to  1  of  crude 
nitrogenous  substance  in  the  food  was  even  lower  than    in 
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experiment  1 ;  being,  in  experiment  2,  3*3,  and  in  experiment 
3,  only  2'0,  against  3'6  in  experiment  1.  Here  again,  as 
might  be  expected,  with  so  high  a  proportion  of  nitrogenous 
substance  in  the  food,  the  calculations  show  that  there  was 
more  than  sufficient  carbon  available  from  the  nitrogenous 
substance  of  the  food  for  the  formation  of  all  the  fat  that  was 
estimated  to  be  produced. 

Experiments  4  and  5  show  a  very  different  result.  In 
experiment  4,  the  food  consisted  of  maize-meal  alone,  and  in 
experiment  5  of  barley- meal  alone,  in  each  case  given  ad  Ubiinim. 
In  America  especially,  maize-meal  is  largely  used  for  the 
fattening  of  pigs,  almost,  if  not  quite,  alone ;  and  in  our  own 
country  barley-meal  is  undoubtedly  recognised  as  the  most 
appropriate  fattening  food  of  the  animal.  It  is  seen  that,  in 
experiment  4,  with  maize-meal,  the  proportion  of  crude  non- 
nitrogenous  to  1  of  nitrogenous  substance  in  the  food  was  6*6, 
and  in  experiment  5,  with  barley-meal,  it  was  6*0 ;  or,  in  both 
cases,  nearly  that  which  is  recognised  as  appropriate  in  the 
fattening  food  of  the  animal,  but  rather  low  in  nitrogenous 
substance. 

Accordingly,  the  calculations  show  much  less  nitrogenous 
substance  consumed  for  the  production  of  100  increase  in  live- 
weight,  and  much  less  left  available  for  fat  formafcion,  after 
deducting  the  amount  estimated  to  be  stored  up  in  the  increase. 
Then,  as  to  the  fat,  the  animals  were  undoubtedly  much  fatter 
than  the  analysed  "/a<"  pig.  Deducting  the  amounts  of  fat 
supplied  in  the  food  from  that  in  the  increase,  there  remained, 
in  the  one  case  52*7,  and  in  the  other  58*8  parts,  formed  within 
the  body,  requiring  in  the  first  case  406,  and  in  the  second 
45 '3  of  carbon ;  whilst  the  amounts  of  carbon  estimated  to  be 
available  from  the  nitrogenous  substance  of  the  food  were  only 
24*7  and  27'4  parts;  leaving,  in  the  one  case  15*9,  and  in  the 
other  17*9  parts,  to  be  provided  from  other  constituents  of  the 
food.  Or,  if  the  calculations  are  made  for  100  cwrbon  in  the 
esHmated  newly-formed  fat^  the  figures  show  that  in  one  case 
39*2,  and  in  the  other  39*5  per  cent.,  of  the  total  carbon  of  the 
produced  &t  must  have  been  derived  from  other  constituents 
of  the  food. 

In  other  words,  even  on  this  mode  of  calculation,  nearly  40 
per  cent,  of  the  newly-formed  fat  must  have  had  its  source  in 
the  carbohydrates.  We  shall  see  further  on,  that  even  a 
considerably  larger  proportion  still  must  in  reality  have  been 
so  derived. 

The  peculiarity  of  the  experiments  6,  7,  8,  and  9  was,  that 
the  food  contained  less  ready-formed  fat  than  in  any  of  the 
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other  cases,  and  that  a  large  proportion  of  the  non-nitrogenous 
substance  supplied  was  in  the  form  either  of  pure  starch  or  pure 
sugar,  or  both.  In  experiments  6,  7,  and  8,  a  fixed  quantity  of 
lentil-meal  and  bran,  averaging  3  lb.  3  oz.  of  lentil-meal  and 
9  oz.  of  bran,  was  given  per  head  per  day  ;  and,  in  addition,  in 
experiment  6  sugar  ad  lihUum,  in  experiment  7  starch  ad 
libitum,  and  in  experiment  8  sugar  and  starch,  each  separately, 
ad  libitum.  Lastly,  in  experiment  9,  lentil-meal,  bran,  sugar, 
and  starch,  were  each  given  separately  and  ad  libitum.  It  will 
be  seen  that  the  proportion  of  crude  non-nitrogenous  to  1  of 
crude  nitrogenous  substance  was  41  in  experiments  6  and  7, 
4*7  in  experiment  8,  and  only  3*9  in  experiment  9 ;  that  is,  the 
food  contained  a  higher  proportion  of  non-nitrogenous  substance 
than  in  experiments  1,2,  and  3,  but  considerably  lower  than  in 
experiments  4  and  5.  Accordingly,  the  final  result  of  the  calcu- 
lations is  intermediate  between  that  for  the  other  two  series. 

To  go  a  little  into  detail,  it  is  seen  that,  for  100  increase  in 
live-weiglU,  the  amount  of  nitrogenous  substance  estimated  to 
be  available  for  fat-formation  was,  in  thia  series,  intermediate 
between  that  in  the  other  two.  With  much  less  fatty  matter 
supplied  in  the  food,  the  amount  of  fat  estimated  to  be  newly 
formed  was  about  the  same  as  in  the  other  cases.  The  amount 
of  carbon  estimated  to  be  available  for  fat-formation  from  the 
nitrogenous  substance  of  the  food  was,  in  each  case,  notably  less 
than  the  amount  required  for  the  production  of  the  newly-formed 
fat.  The  indication  is,  therefore,  that,  in  each  case,  a  consider- 
able proportion  of  the  produced  fat  must  have  had  its  source  in 
other  than  the  nitrogenous  constituents  of  the  food. 

The  bottom  division  of  the  table  shows  that,  reckoned 
for  100  carbon  in  the  estimated  newly-formed  fat,  in  the  first 
case  18'9,  in  the  second  18*8,  in  the  third  25*2,  and  in  the  fourth 
14*1  per  cent.,  or,  on  the  average,  about  20  per  cent,  of  the  whole, 
must  have  been  derived  from  other  sources— in  fact  from  the 
carbohydrates.  Nor  can  there  be  any  doubt  that  the  figures 
under-estimate  the  proportion  of  the  produced  fat  which  could 
not  have  had  its  source  in  the  albuminoids  of  the  food. 

The  general  result  of  the  whole  series  of  experiments  is, 
then,  that  when  the  food  of  the  fattening  animal  contains  an 
abnormally  high  amount  and  proportion  of  nitrogenous  sub- 
stance, enough  of  it  will  probably  be  available  for  the  possible 
formation  of  all  the  fat  produced  in  the  body ;  but  that,  when 
the  amount  and  proportion  of  such  substances  in  the  food  are 
only  normal,  or  low,  there  will  remain  a  large  proportion  of 
the  pixxluced  fat  which  could  not  have  had  its  source  in  the 
proteidsy  and  must  have  been  derived  from  the  carbohydrates. 
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Referring  to  our  results  and  conclusions  as  given  above, 
Professor  Voit,  in  a  paper  which  he  published  in  1869,*  admits 
that  in  the  experiments  in  which  there  was  only  a  medium 
albuminoid  supply  in  the  food  there  was,  as  the  figures  stand, 
a  considerable  deficiency  for  the  formation  of  the  &,t  produced, 
and  a  still  greater  deficiency  when  the  relation  of  the  nitro- 
genous to  the  non-nitrogenous  constituents  was  lower  still; 
and  hence  it  would  appear  that  in  these  instances  a  con- 
siderable amount  of  fat  had  been  derived  from  the  carbo- 
hydrates. Still,  he  says,  he  cannot  allow  himself  to  consider 
that  a  transformation  of  carbohydrates  into  fat  is  proved 
thereby.  He  says  he  has  not  been  able  to  get  a  clear  view  of 
the  experiments  from  the  figures  recorded,  and  suggests 
several  possible  sources  of  error.  He  proposed  that  new  ex- 
periments with  geese  and  with  pigs  should  be  made ;  and,  in 
a  subsequent  conversation  one  of  us  had  with  him,  he  expressed 
his  willingness  to  undertake  a  conclusive  experiment  with  pigs. 

Weiske  and  Wildt'  did  undertake  an  investigation  with 
pigs  to  determine  the  point.  But  one  animal  was  fed  on  food 
80  rich  in  nitrogen  that  it  suffered  in  health,  and  the  experi- 
ment had  to  be  discontinued ;  and  the  other  on  food  so  poor 
that  it  fattened  extremely  slowly,  and  hence,  at  the  conclu- 
sion, calculation  showed  tibat  there  was  enough  of  the  con- 
sumed nitrogenous  matter  available  for  fat  formation  to  cover 
the  whole  of  the  fat  which  had  been  produced. 

Professor  Emil  von  Wolff,  in  his  work  entitled  Die 
rationeUe  Fiitterung  der  landwirtlischafilichen  Nvizthiere,  anf 
Qrundiage  der  neueren  Thier-phyriologischen  Forschwngen^  pub- 
lished in  1874,  assumed  that  albumin  was  probably  the  exclusive 
source  of  the  fat  of  the  fattening  herbivora  of  the  farm.  But 
he  made  the  reservation,  that  the  amounts  of  increase  produced 
in  relation  to  constituents  consumed,  which  common  observation 
showed  may  be  obtained  with  pigs,  and  still  more  the  results 
recorded  of  some  direct  experiments  with  those  animals 
(presumably  our  own),  are  almost  incomprehensible  without 
assuming  the  direct  concurrence  of  the  carbohydrates  in  the 
formation  of  the  fat.  Nevertheless,  he  considered  that  such 
evidence  was  inconclusive,  and  that  experiments  with  pigs 
should  be  made  in  a  respiration  apparatus  to  settle  the 
question. 

After  the  inconclusive  results  of  Weiske  and  Wildt,  and  the 
publication  of  Professor  Wolff's  views,  as  above   quoted,   we 
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carefully  reviewed  and  re-calculated  many  of  the  results  of  our 
feeding  experiments,  including  some  with  oxen  and  with  sheep, 
as  well  as  those  with  pigs,  in  order  to  satisfy  ourselves  whether 
any  doubt  could  be  entertained  of  the  views  we  had  previously 
advocated. 

The  result  of  this  examination,  so  far  as  the  ruminants  were 
concerned,  was  to  show  that,  owing  to  the  comparatively  small 
amount  of  increase  obtained  with  them  from  a  given  amount 
of  constituents  consumed,  the  quantity  of  nitrogenous  sub- 
stance passed  through  the  system  for  the  production  of  a  given 
amount  of  increase  was,  in  most  cases,  so  large  as  to  admit 
of  the  assumption  that  the  whole  of  the  fat  formed  might  have 
had  its  source  in  transformed  nitrogenous  matter.  As  wiH  be 
seen  further  on,  however,  some  of  the  experiments  with  sheep 
showed  that  at  any  rate  part  of  the  fat  stored  up  must  have 
had  some  other  source  than  the  fatty  matter  and  the  pro- 
teids  of  the  food. 

The  reconsideration  of  the  results  with  pigs  fully  confirmed 
the  view  that,  in  many  cases,  much  more  fat  had  been  pro- 
duced than  could  possibly  have  been  derived  from  trans- 
formed albumin  of  the  food.  We  concluded,  therefore,  that 
we  were  not  called  upon  to  institute  new  experiments;  and 
decided  instead,  again  to  direct  attention  to  the  results  which 
had  already  been  published. 

Accordingly,  we  gave  a  paper  on  the  subject,  in  the  Section 
for  Agriculture  and  Agricultural  Chemistry,  at  the  meeting  of 
the  Naturforsclier  Versammlung  held  at  Hamburg  in  1876, 
at  which  there  were  present  a  number  of  the  chief  agricultural 
chemists  of  Germany.  The  results  given  in  Tables  IV.  and  V. 
were  discussed,  and  it  was  pointed  out  that,  even  according  to  the 
mode  of  calculation  adopted,  which  would  imply  about  62  parts 
of  fat  to  be  producible  from  100  parts  of  nitrogenous  substonce, 
experiments  4  and  5,  in  which  the  proportion  of  the  non-nitro- 
genous to  the  nitrogenous  constituents  in  the  food  was  the  most 
appropriate  for  fattening,  showed  that  about  40  per  cent,  ot 
the  produced  fat  could  not  have  had  its  source  in  the  nitrogen- 
ous substance  consumed;  whilst  if,  according  to  Henneberg 
and  Voit,  it  were  assumed  that  100  parts  of  albumin  can  at 
most  yield  51*4  of  fat,  the  results  would  be  much  more 
striking  still.  They  would,  of  course,  be  still  more  so  if, 
as  has  more  recently  been  estimated,  only  42  instead  of  51*4 
parts  of  fat  can  be  derived  from  100  of  albumin. 

It  was  next  considered  what  amount  of  error  in  the  estimates 
would  have  to  be  admitted  to  turn  the  scale,  and  to  show  that 
the  whole  of  the  produced  fat  might  have  been  derived  from  the 
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albaminoids  of  tke  food.  After  going  into  considerable  detail 
on  the  point,  it  was  concluded  that  any  such  range  of  error 
was  simply  impossible. 

Fordier,  it  was  maintained  that,  in  the  case  of  pigs  fatten- 
ing rapidly  on  their  most  appropriate  fattening  food,  the  amount 
of  fat  stored  up  in  proportion  to  the  amount  of  fat  and  nitro- 
genous substance  consumed  was  so  large,  that  the  question  of 
whether  or  not  the  carbohydrates  contribute  to  fat-formation 
might  be  conclusively  settled  by  a  properly  conducted  feeding 
experiment  with  those  animals,  without  any  analysis  of  the 
fieoes  or  the  urine,  or  any  determination  of  the  products  of 
respiration.  It  was  stated  that  it  was  only  necessary  to  select 
two  animals  of  a  breed  of  good  fattening  quality,  and  as  nearly 
alike  as  possible  in  character  and  in  weight ;  a  convenient  size 
and  weight  being — say  about  90  lb.  per  head.  Each  should 
then  be  fed  with  ground  barley  of  good  quality,  giving  it,  by 
degrees,  until  both  weighed  about  100  lb.  Then  slaughter  one, 
and  determine  its  total  amount  of  nitrogenous  substance  and  of 
fat.  Continue  to  feed  the  other  with  barley-meal  (and  water) 
exclusively,  as  much  as  it  will  consume,  until  it  reaches  a  weight 
of  about  200  lb. ;  then  slaughter  and  analyse  it  as  the  first. 
The  quantity  and  composition  of  the  food  must,  of  course,  also 
be  determined.  Such  an  animal  would  probably  consume  about 
500  lb.  of  barley,  and  increase  in  livev-weight  from  100  to  200  lb., 
in  from  eight  to  ten  weeks — more  or  less,  according  to  the 
quality  of  3ie  animal,  the  quality  of  the  food,  and  other  condi- 
tions. It  was  desirable  that  the  animals  selected  should  have 
been  feeding  on  fairly  good  food  previously,  so  that  the  transi- 
tion to  full  mttening  food  should  not  be  too  sudden.  It  was 
also,  of  course,  desirable  that  the  experiments  should  be  made 
in  duplicate  if  possible. 

In  the  discussion  which  followed,  Professor  Henneberg,  who 
was,  we  believe,  the  first  to  have  a  Pettenkofer  respiration  appa- 
ratus constructed  for  experimenting  with  the  larger  animsJs  of 
the  farm,  and  had  perhaps,  at  that  time,  conducted  more 
experiments  on  feeding  than  any  other  agricultural  chemist  in 
Germany,  said  he  did  not  doubt  the  formation  of  fat  from 
carbohydrates  in  the  case  of  pigs.  He  added,  that  probably 
sooner  or  later  the  carbohydrates  would  be  restored  to  their 
former  position  so  &r  as  fat-formation  in  other  animals  was  con- 
cerned, for  already  some  experiments  had  shown  that  such 
formation  was  quite  close  upon  the  limits  of  the  amount  possibly 
derivable  from  tiie  fat  and  albuminoid  matters  of  the  food.  Pro- 
fessor Emil  von  Wolff  also  spoke  in  the  same  sense  so  far  as 
pigs  were  concerned. 
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Since  that  time  experiments  have  been  made  on  the  subject 
in  Germany  with  varions  animals ;  but,  even  in  those  with 
pigs,  the  conditions  above  indicated  as  desirable,  with  a  view 
to  obtaining  decisive  results  the  most  easily,  were  not  followed. 

Experiments  were  made  with  cows  by  Voit  at  Munich,^  by 
Wolff  at  Hobenheim,^  and  by  G.  KUhn  at  Mdckem«^  In  those 
at  Munich  and  at  Hohenheim  the  amount  of  £Ett  in  the  food, 
and  that  possibly  derivable  from  the  albumin  consumed,  very 
nearly  corresponded  with  the  amount  of  &t  in  the  milk.  In 
the  experiments  at  Mdckem,  however,  a  small  excess  of  milk- 
fat  was  produced.  None  of  these  experiments,  therefore, 
afforded  evidence  of  the  formation  of  fat  from  the  carbohy* 
drates. 

In  experiments  made  by  Kern  and  Wattenberg,  at  Gottin- 
gen,^  with  sheep  of  various  ages,  in  ten  cases  the  fat  stored  up 
fell  short  by  24  to  64  per  cent,  of  that  which  could  have  been 
derived  from  the  fatty  matter  and  nitrogenous  substance  con- 
sumed. In  one  experiment,  however,  one  animal  was  killed 
and  the  initial  composition  determined,  and  the  other  was  fed 
for  ten  weeks,  and  the  composition  and  digestibility  of  the  food 
were  determined.  The  results  showed  th^t  29*4  per  cent,  of 
the  &t  stored  up  must  have  been  derived  from  other  sources 
than  the  fat  and  the  albumin  of  the  food ;  and,  even  making  all 
allowance  for  possible  error,  it  was  concluded  that  fat  must 
have  been  derived  from  the  carbohydrates  consumed. 

In  other  experiments  at  G5ttingen,  by  T.  Pfeiffer  and 
Lehmann,'^  a  similar  result  was  obtained  with  a  sheep  fed  with 
a  considerable  quantity  of  sugar. 

In  an  experiment  made  by  Wolff  at  Hohenheim,^  a  young 
pig  was  fed  for  108  days  with  barley  and  maize-meal,  witii  the 
addition  of  pure  starch.  The  constituents  digested  were  deter- 
mined. Referring  to  the  results,  Wolff  says  that,  having  regard 
simply  to  the  amounts  of  constituents  consumed,  and  of  increase 
produced,  it  is  scarcely  possible  to  suppose  that  the  quantity  of 
fat  which  must  have  been  stored  up  could  have  been  formed 
without  the  co-operation  of  the  carbohydrates.  He  points  oat 
that  fat  equal  to  only  29  per  cent,  of  the  increase  in  live-weight 
could  have  been  produced  from  the  fat  and  the  albumin  of  the 
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*  Venwkutatwnen,  1869,  Band  12,  p.  451. 
^  Jowm,fur  Landm.  Jahrg.  26,  p.  549. 

*  Jowm^fH/r  Landw,  1885,  Band  33,  p.  337  ;  also  1886,  Band  34,  p.  83. 

*  Die  ratUmelle  Futtertmg  der  Umdwirtkteht^liehefi  yHttthi^re,  5**  Anff., 
1888,  p.  48. 
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food ;  and  in  this  calculation  he  takes  the  whole  of  the  albnmin 
as  available,  without  reckoning  any  to  have  been  stored  np. 
He  adds  that,  according  to  the  percentage  of  fat  in  increase  in 
the  Bothamsted  experiment  No.  1,  there  must  have  been  60 
per  cent,  or  more.  According  to  our  own  calculation  of  WolflTs 
results,  it  seems  probable  that  about  60  per  cent,  of  the  total 
fat  in  the  increase  must  have  been  derived  from  carbohydrates. 
It  is  particularly  to  be  observed  that,  in  the  case  of  this  experi- 
ment, Wolff  concluded  that  the  formation  of  fat  from  the 
carbohydrates  might  be  considered  established,  not  only  without 
any  respiration  apparatus,  but  even  without  any  direct  deter- 
mination of  fat  in  the  animal. 

Wolff  quotes  the  results  of  experiments  with  pigs  at  Moscow, 
by  Tschirwinsky,  in  1880-1  and  in  1881-2.^  It  was  estimated 
that  in  the  one  case  61*6  per  cent.,  and  in  the  other  76*9  per 
cent,  of  the  fat  of  the  increase  must  have  had  its  source  in  the 
carbohydrates  of  the  food. 

In  an  experiment  made  with  a  pig  at  Vienna  by  Meissi  and 
Strohmer,^  it  was  estimated  that  82*2  per  cent,  of  tiie  stored-up 
fat  must  have  been  derived  from  the  carbohydrates  consumed. 

At  Proskau,  Weiske  and  B.  Schulze^  made  experiments 
with  geese;  and  they  concluded  that  in  one  case  13  per  cent., 
and  in  the  other  17*6  per  cent,  of  the  stored-up  fat  must  have 
been  derived  from  carbohydrates. 

At  Peterhof,  near  Riga,  Chaniewski^  experimented  with 
geese;  and  from  the  results  concluded  that  in  one  case  71*1  per 
cent.,  in  another  78*6  per  cent.,  and  in  a  third  86*7  per  cent,  of 
the  stored-up  fat  must  have  been  derived  from  carbohydrates. 

Wolff  also  quoted  recent  experiments  by  A.  von  Planta  and 
Erlenmeyer,  at  Munich,  with  bees,^  in  which  it  was  proved  that 
"wax  had  been  formed  from  sugar. 

Lastly,  in  1880-1,  Soxhlet  made  experiments  with  three  pigs 
at  the  Agricultural  Experiment  Station  at  Munich.^  The  animals 
were  five  to  six  months  old,  they  were  fed  for  a  preliminary  period 
of  321  days  with  equal  but  limited  amounts  of  barley-meal. 
No.  1  was  then  killed  and  analysed ;  No.  2  was  fed  for  75  days, 
and  No.  3  for  82  days,  with  4*4  lb.  steamed  rice  per  h&sA 
per  day  for  most  of  the  time,  but  only  three-fourths  as  much 
afterwards.     Meat  extract  was  also  given  for  50  days.     Finally, 


'   Vertuehttgtationent  1883,  Band  29,  p.  317. 
>  Ber,  Acad,  Wiuens.,  Wien,  1883,  Band  88,  p.  iii. 

"  &  *  E.  Wolff,  IHs  rationelle  FUtterv/ng  der  landmrthicht^Uehen  Nutz* 
thiere,  5^  Anfl.   1888,  p.  50. 

'  Bierhenteit%i/itg  v.  A,  Schmidt,  1878,  p.  181. 

'  £eits.  d.  la/ndw,  Vereint  in  Bayemy  1881,  pp.  423-486. 
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Nos.  2  and  3  were  killed  and  analysed.  Calculation  showed 
that  the  increase  of  No.  2  contained  14*19  per  cent  of  nitrogenous 
substance,  and  25*80  per  cent,  of  fat;  and  that  of  No.  3,  7*25 
per  cent,  of  nitrogenous  substance,  and  57'23  per  cent,  of  &t. 
That  is,  the  increase  of  No.  3  contained  only  half  as  much 
nitrogenous  substance,  and  more  than  twice  as  much  fat,  as  that 
of  No.  2  ;  and  even  the  higher  proportion  of  fat  (57*23)  is  low 
compared  with  that  which  would  be  obtained  with  animals  of 
good  breed,  and  rapidly  fattened  on  appropriate  food  given  ad 
UbiJbum ;  whilst  the  composition  of  the  increase  of  No.  2,  both  as 
to  nitrogenous  substance  and  fat,  can  hardly  be  called  that  of 
fattening  increase  at  all.  Still,  calculation  showed  that,  of  the 
total  fat  in  the  increase  of  No.  2,  79*38,  and  in  that  of  No.  3, 
81*84  per  cent.,  must  have  been  derived  from  the  carbohydrates 
of  the  food. 

Notwithstanding  the  extraordinary  difference  in  the  composi- 
tion of  the  increase  of  Soxhlet's  pigs  No.  2  and  No.  3,  after  having 
been  fed  alike,  he  says  that  only  our  experiment  No.  1  is  admissible 
for  calculation,  because  it  is  only  in  that  case  that  the  initial  and 
final  compositions  were  determined  in  parallel  animals.  He,  in 
fact,  accepts  our  least  conclusive  result,  obtained  with  food 
abnormally  rich  in  nitrogenous  substance,  and  repudiates  our 
most  conclusive  experiments  with  appropriate  fattening  food. 
Accordingly,  he  maintains  that  we  had  only  shown  the  probability 
of  the  formation  of  fat  from  the  carbohydrates,  and  that  his  own 
results,  as  above,  were  the  first  to  prove  it. 

The  discussion  of  the  results  of  the  nine  experiments 
recorded  in  Table  Y.  must  have  sufiiced  to  show  that  in  some  of 
them  a  very  large  proportion  of  the  fat  of  the  increase  must  have 
been  produced  from  the  carbohydrates.  The  mode  of  calculation 
adopted  showed,  however,  a  maximum  amount  of  the  &t  of  the 
increase  to  have  been  possibly  derivable  from  fatty  matter  in  the 
food,  a  maximum  amount  of  the  nitrogenous  substance  of  the 
food  to  be  available  for  fat-formation,  and  a  maximum  amount 
producible  from  a  given  amount  of  nitrogenous  substance  ;  and 
hence  a  minimum  amount  necessarily  derived  from  carbohydrates. 
But,  as  the  results  so  calculated,  and  discussed  with  due  reserva- 
tion on  these  points,  are  those  upon  which  we  have  for  so  many 
years  maintained  that  the  formation  of  fat  from  the  carbohydrates 
has  been  proved,  and  as  it  is  those  results,  and  the  conclusions 
drawn  from  them,  that  have  instigated  so  much  subsequent 
investigation  leading  to  the  confirmation  of  our  views,  it  seemed 
desirable  prominently  to  direct  attention  to  the  evidence  as 
so  brought  out. 
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We  have,  however,  as  already  said,  loDg  ago  re-calculated 
many  of  our  feeding  experiments,  making  allowance,  as  far  as 
practicable,  for  the  probable  amount  of  indigestible  and  neces- 
sarily effete  matters  of  the  foods.  We  have  also,  as  referred  to  at 
pp.  28-81,  arranged  tables  founded  on  our  direct  analytical 
results  on  the  ten  animals,  showing  the  probable  average  per- 
centage composition  of  the  different  descriptioDS  of  animal,  each  at 
eight  gradationary  points  &om  the  store  to  the  very  fat  condition, 
and  have  applied  the  factors  thus  obtained,  not  only  for  the 
calculation  of  the  composition  of  the  increase  in  a  number  of 
cases  of  ordinary  practice,  and  of  direct  ezpeiiment,  but  also 
for  the  re-calculation  of  some  of  the  results  to  which  Table  Y. 
relates.  Accordingly,  in  the  next  Table  (VI.)  are  given  the 
results  obtained  in  experiment  No.  1,  which  were  inconclusive 
according  to  the  original  mode  of  calculation ;  and  also  those 
obtained  in  experiments  4  and  5,  which,  even  as  originally 
calculated,  could  leave  no  doubt  of  very  considerable  formation 
of  fat  from  the  carbohydrates. 

All  these  re-calculations  are  in  the  first  place  based  on  the 
assumption,  since  generally  adopted  by  others,  that  100  nitro- 
genous substance  can  at  the  most  yield  51*4  of  fat,  instead  of 
nearly  62,  which  would  be  the  figure  according  to  the  original 
plan  of  calculation  adopted  in  the  construction  of  Table  Y . 

Then,  each  experiment  is  now  calculated  three  ways : — ^first, 
on  the  assumption  that  the  whole  of  the  fatty  matter  and  the 
nitrogenous  substance  of  the  food  were  digested  ;  secondly,  sup- 
posing that  only  90  per  cent.,  and  thirdly,  that  only  80  per  cent, 
was  digestible  and  available.  Lastly,  in  the  case  of  experiments  4 
and  5,  after  very  carefully  considering  the  weights  and  character 
of  the  animals,  and  the  duration  of  the  fattening  period,  the  initial 
and  final  composition  have  been  t^ken,  not  as  in  Table  Y. 
the  same  as  in  experiment  1,  but  the  initial  at  a  composition 
three-eighths  in  advance  from  the  store  to  the  fat  condition, 
and  the  final  composition  at  a  quarter  in  advance  of  fatness, 
compared  with  the  fat  pig  of  experiment  1.  It  is  worthy  of 
remark,  that  this  carefriUy  reconsidered  independent  mode  of 
estimate  gives  almost  precisely  the  same  percentage  of  nitrogen- 
ous substance,  and  precisely  the  same  of  fat,  in  the  increase  in 
experiment  4,  as  in  the  former  estimate,  namely,  now  5*4  instead 
of  5*3  per  cent,  of  nitrogenous  substance,  and  in  both  cases  79 
per  cent,  of  fat,  the  animals  being  all  very  fat.  Again,  the  new 
mode  of  calculation  gives  for  experiment  5,  \i  per  cent,  ofc/ 
nitrogenous  substance,  and  72*3  per  cent,  of  fat  in  l^e  increase,  -' 
instead  of  6*5  and  71*2  per  cent  as  formerly  adopted. 

Let  us  first  refer  to  the  results  of  experiment  1,  in  which 
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parallel  animals  were  analysed,  but  in  which,  as  has  been 
pointed  ont,  the  food  was  much  more  highly  nitrogenous  than  is 
appropriate  in  the  fattening  food  of  the  pig.  IlioBe  given  in 
column  1,  in  which  it  is  assumed  that  the  whole,  both  of  the 
nitrogenous  substance  and  of  the  &t  of  the  food,  was  digestible 
and  available,  show  that,  when  we  now  reckon  only  51 '4  instead 
of  about  62  parts  of  fat  to  be  derivable  from  100  nitrogenous 
substance,  even  this  experiment  indicates  that  the  fat  in  the 
food,  and  that  derivable  firom  the  nitrogenous  substance  con- 
sumed, were  scarcely  sufficient  to  cover  the  whole  of  the  fat  of 
the  increase.  Obviously,  too,  if  it  be  assumed,  according  to  the 
more  recent  estimate,  that  only  about  42  parts  of  fat  can  be 
derived  from  100  of  albuminoid  substance,  there  would  then,  even 
in  this  experiment,  with  such  abnormally  high  nitrogenous  food, 
be  a  considerable  formation  of  fat  from  carbohydrates. 

Turning  to  the  results  in  the  second  column,  which  are 
calculated  on  the  assumption  that  only  90  per  cent,  of  the  nitro- 
genous substance,  and  90  per  cent,  of  the  fatty  matter,  of  the 
food  would  be  digested,  it  is  seen  that — for  100  increase  in  live- 
weight  6*8  parts,  for  100  total  fat  in  the  increase  10*8  parts,  or 
for  100  newly-formed  fat  18*9  parts,  must  have  been  derived 
from  carbohydrates. 

Lastly,  in  regard  to  experiment  1,  reckoning  only  80  per 
cent,  of  the  nitrogenous  substance  and  fat  of  the  food  to  have 
been  digested  and  available,  the  result  would  be  that  18*5  of 
the  63*1  parts  of  fat  in  100  of  increase  must  have  had  some  other 
source  than  fat  and  nitrogenous  substance  of  the  food;  or 
reckoned  for  100  total  fat  in  the  increase,  21*4  parts,  or  for  100 
newly-formed  fat  26*7  parts,  must  have  been  derived  from 
carbohydrates. 

In  regard  to  the  alternative  assumptions  that  only  90  or 
only  80  per  cent,  of  the  nitrogenous  and  fatty  matters  of  the 
food  were  digested,  it  may  be  stated  that  in  Wolff's  Tables, 
published  in  Mentzel  und  v.  Lengerhe'e  landiuirthschaftUcher 
Kcdender  for  1890,  he  reckons  88  per  cent,  of  the  nitrogenous 
substance  of  beans,  89*9  per  cent,  of  that  of  lentils,  77*9  per 
cent,  of  that  of  bran,  79*2  per  cent,  of  that  of  maize,  and  77 
per  cent,  of  that  of  barley,  to  be  on  the  average  digested ;  and 
of  the  fatty  matter  of  these  foods,  he  reckons  87*5  per  cent,  of 
that  of  beans,  84*6  per  cent,  of  that  of  lentils,  70*6  per  cent,  of 
that  of  bran,  85*1  per  cent,  of  that  of  maize,  but  the  whole,  or 
100  per  cent.,  of  that  of  barley,  to  be  digestible.  So  far,  there- 
fore, as  experiment  1  is  concerned,  according  to  Wolff's  factors 
the  truth  would  lie  somewhere  between  the  results  supposing  90 
and  those  supposing  80  per  cent,  digested. 


^ 
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Even  in  this  experiment,  then  (No.  I),  there  is  dear  evidence 
of  the  formation  of  fat  from  the  carbohydrates,  when  deduction 
is  made  for  indigestible  nitrogenous  and  fatty  matters  consumed, 
and  when  it  is  reckoned  that  only  51*4  parts  of  fat  may  be  pro- 
duced from  100  albuminoid  substance.  Obviously,  if  only  42 
parts  of  fat,  as  assumed  by  some,  can  be  formed  from  100 
albumin,  the  evidence  is  clearer  still. 

Turning  now  to  experiment  4,  in  which  the  food  was  maize- 
meal  alone,  given  a<{  libitvmy  and  the  relation  of  non-nitrogenous 
to  1  of  nito)genous  substance  was  much  higher  than  in  experi- 
ment 1,  and  much  more  appropriate  for  the  rapid  fattening  of 
the  pig,  the  results  are  much  more  decisive.  They  were,  indeed, 
quite  conclusive  as  originally  calculated,  without  the  emen- 
dations now  adopted. 

The  results,  even  as  given  in  the  first  of  the  three  columns, 
in  the  calculation  of  which  it  is  assumed  that  the  whole  of  the 
nitrogenous  substance  and  &t  of  the  food  were  digested  and 
available,  show  that — for  100  increase  in  live-weight  26*2  parts 
of  fat,  for  100  total  fat  in  increase  88*2,  and  for  100  newly- 
formed  fat  49*7  parts,  must  have  been  derived  from  carbohydrates. 

Beckoning,  as  in  the  second  column,  that  90  per  cent,  of  the 
nitrogenous  substance  and  fatty  matter  consumed  were  digestible 
and  available,  the  calculations  show  that — for  100  increase  in 
live-weight  31*7  parts  of  fat,  for  100  total  fat  in  increase  40*1 
parts,  and  for  100  newly-formed  fat  57*8  parts,  would  be  derived 
fit>m  carbohydrates.  Or,  reckoning  as  in  the  third  column,  that 
only  80  per  cent,  of  the  nitrogenous  substance  and  fat  of  the  food 
were  digested  and  available,  the  results  show  that — for  100  in- 
crease in  live-weight  87*8  parts  of  fat,  for  100  total  fat  in  the 
increase  47*2  parts,  and  fo^  100  newly-formed  fS»t  64*8  parts, 
or  nearly  two-thirds,  of  the  total  produced  &t,  would  have  its 
source  in  the  carbohydrates. 

It  may  be  observed  that,  in  the  case  of  this  experiment  with 
maize,  the  results  given  in  the  third  column  would  very  nearly 
accord  with  those  which  would  be  obtained  if  Wolff's  average 
percentages  of  digestible  constituents  had  been  adopted. 

Let  us  now  refer  to  the  results  of  experiment  5,  in  which 
the  food  was  barley-meal  alone,  given  ad  Ztbi^um,  and  the 
albuminoid  ratio  was  nearly  that  recognised  as  most  suitable 
for  the  rapid  fattening  of  the  pig. 

The  first  of  the  tlu-ee  columns,  calculated  on  the  assumption 
that  the  whole  of  the  nitrogenous  substance  and  fat  consumed 
were  digested,  shows  that  under  such  conditions  there  would  be 
—for  100  increase  in  live-weight  80*8  parts  of  fat,  for  100  total 
&t  in  increase  41*9  parts,  and  for  100  newly-formed  fat  50*6 
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parts,  or  abomt  half,  that  mnst  have  been  derived  &om  other 
constituents  than  the  fatty  matter  and  nitn^noos  substance  of 
the  food. 

The  results  in  the  second  column,  calculated  on  the  assump- 
tion that  90  per  cent,  of  the  fatty  matter  and  nitrogenous  sub* 
stance  were  digested,  show  that — in  100  increase  in  live- weight 
34*8  parts  of  fat,  in  100  of  total  fat  in  increase  48' 1  parts, 
and  of  100  newly-formed  fat  57*0  parts,  must  have  been  formed 
from  carbohydrates. 

Lastly,  ^e  results  in  the  third  column,  reckoning  only  80 
per  cent,  of  the  nitrogenous  substance  and  fat  to  be  digested, 
show  that  on  this  supposition — of  100  increase  in  live-weight 
39'4  parts  of  fat,  of  100  total  fat  in  increase  54'5  parts,  or  of 
100  newly-formed  fat  63*1  parts,  or  again  nearly  two-thirds,  must 
have  been  derived  from  carbohydrates. 

So  much  for  the  evidence  of  results  relating  to  pigs,  i|i  their 
bearing  on  the  question  of  the  sources  of  their  fat,  when  fed  on 
their  appropriate  fattening  food.  It  is  cumulative  and  decisive, 
that  at  any  rate  a  large  proportion  of  the  stored-up  fat  must 
have  its  source  in  other  constituents  than  the  fat  and  nitro- 
genous substance  of  the  food,  in  other  words — in  the  ca/rbo' 
hydrates. 

The  Experiments  at  Rothamsted  with  Sheep, 

It  has  been  pointed  out  that,  compared  with  pigs,  there  is 
with  ruminants  a  much  smaller  amount  of  increase  obtained, 
in  proportion  both  to  their  weight  within  a  given  time,  and  to 
a  given  amount  of  food  passed  through  the  body ;  that  there  is 
also  a  much  larger  amount  of  necessarily  effete  matter  in  their 
food ;  and  that,  therefore,  the  result  of  calculations  of  feeding 
experiments  witii  them  in  regard  to  the  question  of  the  sources 
in  the  food  of  the  fat  stored  up  in  the  body  is  less  conclusive. 
It  will,  nevertheless,  be  of  interest  to  adduce  some  direct  experi- 
mental evidence  on  the  point. 

Some  time  after  thie  discussion  at  Hamburg,  in  1876,  two 
sets  of  experiments  made  at  Rothamsted  with  dieep,  in  which 
the  concentrated  foods  were  barley  or  malt,  and  in  which,  there- 
fore, the  amount  and  proportion  of  nitrogenous  substance  con- 
sumed were  low,  were  selected  for  calculation. 

The  first  series  comprised  five  pens,  with  four  or  five  sheep  in 
each.  The  experiments  had  been  made  in  the  spring  of  1849, 
and  extended  over  a  final  fattening  period  of  ten  weeks.  In 
each  pen  barley  or  malt  was  given  in  fixed  quantity  per  head  per 
day,  and  in  each  pen  also  mangel  was  given  in  addition,  ad  lUntnm. 

E 
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The  second  series  also  comprised  five  pens,  but  with  twelve 
sheep  in  each.  The  experiments  were  made  in  the  winter  of 
1863-4,  and  they  extended  over  a  final  fattening  period  of  twenty 
weeks.  The  animals  were  at  an  earlier  stage  of  progress  at  the 
commencement  than,  and  not  quite  so  mature  at  the  conclusion 
as,  those  of  the  other  series.  In  each  pen  barley  or  malt  was  given 
in  fixed  quantity  per  head,  in  each  clover  chaff  also  in  fixed 
quantity,  and  in  each  roots  were  given  ad  libitum ;  Swedish  turnips 
during  the  first  sixteen  weeks,  and  a  mixture  of  one-fourth 
swedes  and  three-fourths  mangel  during  the  last  four  weeks  of 
the  twenty. 

The  results  of  these  two  series  of  experiments  with  sheep, 
calculated  to  show  their  bearing  on  the  question  of  the  sources 
of  the  fat  stored  up  by  the  animals,  are  given  in  Table  VII. 

It  will  be  seen  that  the  form  of  the  table  is,  so  far  as  the 
facts  will  allow,  the  same  as  has  been  adopted  in  the  case  of 
the  various  experiments  with  pigs.  A  general  description  of 
the  food  of  each  series  is  given  over  the  columns  relating  to  the 
series,  and  at  the  head  of  each  separate  column  is  given  a 
description  of  the  limited  food  supplied  to  each  pen. 

The  results  are  calculated  for  100  increase  in  live-weight. 
Referring  to  the  upper  division  of  the  table,  there  are  first 
shown — the  amounts  of  nitrogenous  substance  (digestible)  in 
the  fixed  food,  the  amounts  in  the  increase,  and  the  difference 
a=the  amounts  available  for  fat-formation.  Next  are  given — ^the 
amounts  of  fat  in  the  increase,  in  the  total  food  (digestible),  and 
the  difference  =  the  newly-formed  fat;  the  amounts  derivable 
from  the  available  nitrogenous  substance  in  the  fixed  food,  and 
the  differences: the  amount  required  to  be  produced  from  other 
sources.  Then,  in  the  lower  division  of  the  table  are  given,  for 
each  pen,  the  amounts  of  fat  derivable  from  the  nitrogenous 
substance  of  the  roots,  on  the  alternative  assumptions  that  50, 
60,  70, 80,  90  per  cent.,  or  the  whole,  of  that  which  they  contain, 
will  be  digestible  and  available  for  fat-formation. 

It  should  be  further  explained,  that  80  per  cent,  of  the  nitro- 
genous substance  of  barley  or  of  malt  is  reckoned  as  digestible 
and  available  for  the  purposes  of  the  system.  Wolff's  estimates 
were,  in  1874,  80  per  cent.,  in  1888,  773  percent,  and  in  1890, 
77  per  cent.  In  malt-dust,  80  per  cent,  is  assumed  to  be 
digestible,  against  Wolffs  estimate  of  80  per  cent,  in  1874,  and 
82  per  cent,  in  1888  and  1890.  In  clover-chaff  two-thirds,  or 
66'7  per  cent.,  of  the  nitrogenous  substance  is  reckoned  as 
digestible,  against  a  range  in  Wolffs  Tables,  according  to 
quality,  from  51*4  to  69*9  per  cent.  In  the  cases  of  Swedish 
turnips   and   mangel,  Wolff  assumes  the  whole  of  the  nitro- 
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genons  snbetanoe  to  be  digestible  and  available,  drawing  no 
distinction  in  this  respect  between  the  amounts  ensting  as 
albuminoids,  as  amides,  or  in  other  forms.  To  this  point  we 
shall  Iiaye  to  refer  in  more  detail  presently. 

Then  as  to  the  &t  of  the  foods :  the  percentage  of  it  reckoned 
as  digestible  is  that  given  in  Wolff's  Tables  of  1874.  In  the 
case  of  barley,  he  then  reckoned  only  68  per  cent,  of  the  total  to 
be  digestible ;  bat  more  recently  he  has  supposed  the  whole  of 
it  to  be  so.  For  clover-chaff*  his  figures  are  the  same  at  all 
three  periods,  as  are  also  those  for  mangel. 

Let  us  now  turn  to  the  calculated  results  as  given  in  the 
table,  and  first  to  those  relating  to  the  first  series  of  five  pens, 
in  which  the  fixed  food  was  either  barley  or  malt,  and  the  ad 
libitum  food  consisted  of  mangel  only.  As  already  said,  the 
period  of  experiment  comprised  only  the  last  ten  weeks  of 
fattening.  Hence  it  commenced  at  a  somewhat  advanced  stage 
of  progress,  and  the  animals  were,  at  the  conclusion,  probably 
fully  as  fat  as,  if  not  fatter  than,  the  sheep  which  had  been 
analysed  as  "/at."  Taking  into  account  the  weight  and 
condition  of  the  animals  at  the  beginning  and  at  the  end,  and 
the  percentages  of  carcass  and  of  inside  fat  in  the  live-weight, 
it  is  calculated  that  the  increase  over  this  short  finishing  period 
would  contain  74  percent,  of  fat,  and  only  6*5  per  cent,  of  nitro- 
genous substance. 

On  these  assumptions  the  figures  show  that,  after  deducting 
the  estimated  amount  of  nitrogenous  substance  in  100  of 
increase  from  the  amount  supplied  in  the  fixed  food,  there 
remained  in  the  different  cases — 18-5, 16*8,  13-4, 18-5,  and  21*4 
parts  of  nitrogenous  substance  available  firom  the  fixed  foods 
for  the  formation  of  fat. 

Next  as  to  the  fat : — deducting  the  amount  of  the  digestible 
fat  supplied  in  the  total  food  from  the  fat  in  the  increase,  there 
remain  in  the  respective  cases — 63*7,  65*2,  64*4,  63-7,  and  63*8 
parts,  which  must  have  been  newly-formed.  There  is  next 
shown  the  amount  of  this  which  may  have  been  derived  from 
the  available  nitrogenous  substance  of  the  fixed  food ;  and  it  is 
seen  that  there  remain — 54-2,  56*6,  57'5,  54*2,  and  52*8  pai*ts, 
out  of  the  total  of  74  in  the  100  of  increase,  that  must  have 
been  derived  from  other  sources ;  in  fact,  either  from  the  nitro- 
genous substance  of  the  roots,  or  fix)m  the  carbohydrates  of  the 
fixed  food  and  the  roots. 

The  next  question  is,  whether  the  nitrogenous  substance  of 
the  roots  could  have  yielded  the  amounts  of  fat  indicated  to 
have  been  produced  from  other  sources  than  the  fat  of  the  total 
food,    and    that    derivable    from    the    available    nitrogenous 
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substance  of  the  fixed  foods.  Comparing  the  figures  in  the 
bottom  line  of  the  lower  division  of  the  table  with  those  in  the 
bottom  line  of  the  upper  division,  it  is  seen  that,  even  on  the 
impossible  assumption  that  the  whole  of  the  nitrogen  of  the 
mangel  existed  in  compounds  of  the  same  fi^t-forming  value  as 
the  albuminoids,  in  neither  of  the  five  cases  would  the  amount 
so  available  completely  supply  the  amount  required. 

The  amount  of  true  albuminoid  nitrogen  varies  very  much 
in  different  descriptions  of  roots,  and  in  the  same  description 
according  to  season,  maturity,  &c.  Thus,  at  Bothamsted  we 
have  found  it  in  mangel  as  low  as  20*5  per  cent,  of  the  total 
nitrogen  under  unfavourable  conditions  of  growth  and  ripening, 
and  as  high  as  44*2  under  favourable  conditions.  We  generally 
assume  in  calculation  that  40  per  cent,  of  the  nitrogen  of 
mangel  will,  on  the  average,  exist  as  albuminoids ;  and  Wolffs 
average  figure,  as  given  in  1888,  is  86*1  per  cent.  The  amount 
existing  as  amides  will  probably,  in  most  cases,  vary  from  40  to 
50  per  cent,  or  more,  whilst  there  is  frequently  a  considerable 
quantity  as  nitrates,  the  more  the  less  ripe  the  roots ;  and  we 
have  sometimes  found  the  amount  to  be  more  than  10  per  cent. 
of  the  total  nitrogen  of  the  roots. 

It  is  clear,  therefore,  that  even  supposing  as  little  as  50  per 
cent,  of  the  nitrogen  of  the  roots  to  be  available  for,  and  capable 
of,  fat-formation,  as  assumed  in  the  top  line  of  the  lower  division  of 
the  table,  that  amount  would  generally  include  other  than  albu- 
minoid compounds.  Nevertheless,  Wolff  in  his  tables  assumes  the 
whole  of  the  nitrogen  of  roots  to  be  digestible  and  available  for 
the  purposes  of  the  system,  since  it  has  been  shown  that  amides 
are  transformed  in  the  body  and  yield  urea ;  leaving,  therefore,  by- 
productsof  transformation  available  for  expenditure  in  respiration, 
and  so  protecting  the  true  albuminoids,  or  the  carbohydrates. 

There  is,  however,  so  far  as  we  are  aware,  no  direct  experi- 
mental evidence  yet  at  command  indicating  that  the  by- 
products of  the  transformation  of  amides  may  directly  contribute 
to  the  formation  of  fat.  Besults  of  independent  experimenters 
have,  however,  shown  that  the  heat  of  combustion  of  asparagine 
for  example,  is  only  about,  or  little  more  than,  half  that  of 
albumin ;  and  supposing  that  the  amides  do  directly  contribute 
to  the  formation  of  fat,  it  may  safely  be  concluded  that  a  given 
quantity  of  amide  would  yield  very  much  less  fat  than  an  equal 
quantity  of  albuminoid.  As  bearing  upon  this  point,  it  is  to  be 
borne  in  mind  that,  on  the  average,  the  amide  bodies  most 
frequently  occurring  in  food-stuffs  have  a  higher  percentage  of 
nitrogen  than  the  albuminoids.  Wolff  estimates  that  whilst  the 
nitrogen  of  food   should  be   x  6*25  to  represent  albuminoids. 
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5*5  would,  on  the  average,  be  a  more  appropriate  factor  for 
calculating  the  amonnt  of  amide  from  that  of  the  nitrogen. 
Farther,  he  admits  that  so  far  as  the  nitrogen  in  potatoes,  rootB» 
and  other  food-stnffs  exists  as  amides,  the  nntritiye  value  of 
the  food  is  reduced ;  nevertheless,  as  has  been  said,  in  his  tables 
he  assumes  the  whole  of  the  nitrogenous  substance  of  roots  to 
be  digestible,  and  of  equal  value  with  the  albuminoids. 

Then  again,  as  generally  more  or  less  of  the  nitrogen  in 
roots  will  exist  as  nitrates,  it  will  so  far  not  only  have  no  food 
value,  but  it  may  be  positively  injurious.  It  may  be  added  that, 
other  things  being  equal,  the  higher  the  percentage  of  nitrogen 
in  roots,  the  lower  as  a  rule  will  be  the  proportion  of  it  as 
albuminoids,  and  the  higher  that  as  amides  and  as  nitrates,  &c. 
Further,  in  direct  experiments  at  Rothamsted  with  sheep  feeding 
on  roots  alone,  it  was  found  that  whilst  the  animals  even  gained 
in  weight  on  ripe  roots,  low  in  nitrogen,  they  actually  lost  on 
roots  that  were  less  ripe,  high  in  nitrogen,  and  doubtless  con- 
taining a  larger  proportion  of  their  nitrogen  as  non-albuminoid 
compounds. 

From  these  various  considerations  it  is  obvious  that  by  no 
means  the  whole  of  the  nitrogen  of  the  mangel  can  be  estimated 
as  having  existed  in  compounds  which  could,  in  their  transfor- 
mation, yield  the  amount  of  fat  possibly  derivable  from  true 
albuminoids.  However,  with  the  great  variation  in  the  propor- 
tion of  albuminoids  and  amides  in  roots,  and  the  absence  of 
exact  knowledge  as  to  the  probable  value,  if  any,  direct  or 
indirect,  of  amides  for  fat-formation,  it  is  impossible  to  form 
any  certain  estimate  as  to  which  of  the  percentages  given 
alternatively  in  the  lower  division  of  the  table  most  probably 
represents  the  amount  of  fat  producible  from  the  nitrogenous 
substance  of  the  mangel  given  ad  libitum  in  each  of  the  five 
pens  of  the  first  series  of  experiments  with  sheep.  It  is, 
however,  quite  safe  to  conclude  that  very  much  less  than  the 
whole  would  be  so  available  ;  and  if  we  were  to  assume  that  of 
the  nitrogenous  constituents  of  the  roots  only  the  albuminoids 
would  be  available  for  fat-formation,  the  figures  given  in  the  top 
line  of  the  lower  division  of  tiie  table,  according  to  which  it  is 
reckoned  that  only  50  per  cent,  of  the  total  nitrogenous  com- 
pounds of  the  roots  would  be  capable  of  fat-formation,  would  in 
each  case  represent  less  than  half  the  amount  required. 

It  is  quite  clear  that  at  any  rate  a  large  proportion  of  the 
increase  estimated  to  be  necessarily  derived  fix)m  other  sources 
than  the  fat  of  the  total  food,  and  the  nitrogenous  substance  of 
the  fixed  food,  must  have  been  derived  from  other  sources  than 
the  nitrogenous  substance  of  the  roots ;  in  other  words,  it  must 
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have  had  its  source  in  the  carbohydrates  of  the  fixed  food  or  of 
the  roots. 

Let  us  now  examine  the  evidence  of  the  results  of  the  second 
series  of  experiments,  on  somewhat  similar  lines. 

As  in  series  1,  a  fixed  quantity  of  barley  or  malt  was  given 
in  each  pen,  but  now  a  fixed  quantity  of  clover-chaflf  also.  This 
introduction  of  dover-chaff  into  the  fixed  food  brings  us  again 
face  to  face  with  the  difficulty  as  to  th6  estimation  of  the  food- 
value  of  the  'amides.  As  already  said,  the  calculation  of  the 
amounts  of  the  nitrogenous  substance  in  the  clover-chaff  which 
will  be  available  are  made  on  the  assumption  that  66*7  per 
cent,  of  the  total  nitrogen  will  be  digestible,  and  so  available ; 
and  this  figure  agrees  fairly  with  Wolff's  estimates.  But  this 
amount  includes  amides  as  well  as  albuminoids.  In  Wolff's 
most  recent  tables  he  estimates  that  the  proportion  of  the 
nitrogen  of  clover-hay  existing  in  non-albuminoid  compounds 
may  range  from  13'9  to  29*9  per  cent,  of  the  whole,  and 
probably  be  on  the  average  about  19  per  cent.  What  propor- 
tion, however,  of  the  two-thirds  of  the  total  nitrogenous  sub- 
stance of  clover-hay,  which  is  estimated  to  be  digestible,  will 
probably  be  non-albuminoid  there  is  no  evidence  to  show. 
In  these  circumstances  we  have,  in  the  calculations,  assumed 
the  whole  of  the  digestible  nitrogenous  substance  of  clover-hay 
to  have  the  food-value  of  albuminoids.  The  figures  will,  there- 
fore, doubtless  overstate  the  amount  of  the  nitrogenous  substance 
consumed  in  the  fixed  foods  which  is  really  available  for  nitro- 
genous increase  and  for  fat-formation. 

Taking  the  figures  as  they  stand,  it  is  seen  that,  after 
deducting  the  amount  of  nitrogenous  substance  estimated  to  be 
stored  up  in  100  of  increase  from  the  amount  supplied  in  the 
fixed  food,  there  remain  in  the  several  experiments — 44*9,  43*6, 
48*8,  48'4,  and  51-1  parts,  possibly  available  for  fat-formation. 

Then,  deducting  the  amount  of  digestible  fat  in  the  total 
food  frt^m  the  fat  estimated  to  be  stored  up  in  the  increase, 
there  remain — 55*9,  56*1,  56*0,  55*7,  and  55*2  parts,  which 
must  have  been  newly-formed.  Deducting  from  these  amounts 
those  producible  from  the  available  nitrogenous  substance  of  the 
fixed  foods,  there  remain— 32-8,  33'7,31-2,  308,  and  289  parts, 
to  be  formed  from  other  sources.  Comparing  with  these 
amounts  those  derivable  from  the  nitrogenous  substance  of  the 
roots,  assuming,  as  shown  in  the  bottom  line  of  the  table, 
that  the  whole  of  it  would  have  the  same  value  for  fat-formation 
as  true  albuminoids,  it  is  seen  that  in  four  out  of  the  five  cases 
the  fat  so  assumed  to  be  formed  would  be  less  than  that  required. 

In  these  experiments  the  roots  consisted  chiefly  of  Swedish 
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turnips,  and  in  only  small  proportion  of  mangel.  The  evidence 
at  command  leads  to  the  conclasion  that,  in  Swedish  tnmips,  a 
larger  proportion  of  the  total  nitrogen  exists  as  albuminoids, 
and  a  less  proportion  as  nitrates,  than  in  the  more  saccnlent 
mangel.  We  have  found  the  proportion  of  the  total  nitrogen 
of  Swedish  turnips  existing  as  albuminoids  as  low  as  32*9,  and 
as  high  as  55*8  ;  and  for  the  purposes  of  calculation  we  assume 
that,  on  the  average,  45  per  cent,  will  be  in  that  form.  As 
large  or  a  larger  amount  will,  however,  exist  as  amides  than  in 
mangel. 

It  is  evident,  therefore,  that  even  if  we  assume  50  per  cent, 
of  the  total  nitrogenous  substance  of  the  roots  consumed  in  this 
second  series  of  experiments  to  have  been  of  value  for  fat-forma- 
tion, some  amide  will  be  included.  But,  even  on  the  assumption 
that  50  per  cent,  had  the  value  of  albuminoids  for  fat-formation, 
less  than  half  the  amount  of  fat  required  would  be  derivable 
from  the  nitrogenous  substance  of  the  roots.  Assuming,  how- 
ever, that  the  amides  of  the  roots  would,  as  such,  have  a  certain, 
though  not  an  equal,  value  with  the  albuminoids  for  fat-forma- 
tion, or  that,  as  protectors  of  other  constituents,  they  may 
contribute  indirectly  to  such  formation,  there  would  still  remain 
a  considerable  amount  of  the  produced  fat  to  be  derived  from 
other  sources — that  is,  from  carbohydrates. 

Upon  the  whole,  then,  although  the  evidence  of  fat-formation 
from  the  carbohydrates  of  the  food  is  admittedly  less  direct  in 
the  case  of  sheep  than  in  that  of  pigs,  yet,  when  the  foregoing 
results  are  carefully  considered  with  due  regard  to  the  &cta 
which  have  been  discussed,  no  doubt  can  be  entertained  that 
there  was  a  considerable  formation  of  fat  from  carbohydrates  in 
both  of  the  series  of  experiments  with  sheep.  And  when  it  is 
borne  in  mind  that  neither  of  these  series  of  experiments  was 
arranged  for  the  purpose  of  elucidating  this  particular  question, 
it  must  be  admitted  that  the  results  are  more  definite  and  con- 
clusive than  might  have  been  anticipated.  Nor  can  there  be 
any  doubt  that  if  experiments  were  made  with  oxen  under 
suitable  conditions,  they  would  yield  equally  conclusive  evidence 
on  the  point.  Indeed,  as  anticipated  by  Henneberg  in  the 
observations  he  made  at  Hamburg  in  1876,  we  may  consider 
that  the  carbohydrates  are  re-instated  in  their  position  in  the 
fomation  of  the  fat  of  ruminante  as  well  as  in  thTof  pigs. 

Summwry  on  the  Sources  of  the  Fat  of  the  Animals  of  the  Farm. 

It  was  in  1865,  that  is,  nearly  thirty  years  ago,  that 
Yoit  first  called  in  question  the  then  very  generally  accepted 
opinions  on  the  subject;  and  as  his  evidence,  derived   from 
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experiments  with  the  onmiyorous  dog,  accumulated,  he  more 
and  more  urged  that  his  conclusions  were  equally  applicable  to 
herbivora.  His  views  on  the  point  came  to  be  very  generally 
adopted  by  agricultural  chemists  in  Germany,  and,  in  1874, 
Professor  Emil  von  Wolff  adopted  them,  but  with  some  reserva- 
tion so  far  as  pigs  are  concerned,  in  his  text-book  entitled  Die 
rationelle  FiUterwig  der  Icmdiuirthschaftlichen  Nidzthiere;  a/uf 
Orundlage  der  neueren  thierphysiologischen  Foraehungen. 

It  has  been  already  stated  that,  in  the  discussion  at  Hamburg 
in  1876,  Wolff  more  clearly  admitted  that  pigs  might  behave 
exceptionally  in  the  matter ;  whilst  Henneberg  assumed  that 
ruminants  dso  would  prove  to  be  exceptions  to  the  application 
of  Voit's  views. 

Since  that  date  a  number  of  experiments  have  been  made 
in  Germany  and  elsewhere,  both  with  pigs  and  with  ruminants, 
to  elucidate  the  point ;  and  when  the  conditions  of  the  experi- 
ments were  suited  to  the  object,  the  results  contributed  to  the 
re-establishment  of  the  conclusion  that  the  carbohydrates  play 
a  very  direct  and  important  part  in  the  fat-formation  of  the 
animals  of  the  farm. 

Further,  in  the  edition  of  Wolff's  work  published  in  1888 
he  almost  unreservedly  admits  the  role  of  the  carbohydrates  in 
the  formation  of  at  least  a  great  part  of  the  fat  not  only  of  pigs 
but  of  ruminants.  Indeed,  some  years  previously,  Yoit  himself 
had  made  substantial  concessions  on  the  point.^ 

It  happens,  however,  that  about  1880  Dr.  Armsby,  now  the 
Director  of  the  Agricultural  Experiment  Station  at  the  Pennsyl- 
vania State  College,  published  a  work  which  has  since  passed 
through  several  editions,  entitled  Manucd  of  Cattle-Feeding ;  a 
TrecMse  on  the  Laws  of  Animal  Nukitixm  and  the  Chemistry  of 
Feeding-Stuffs  in  tlieir  application  to  the  Feeding  of  Farmr- 
Animcdsy  which  was  a  very  good  digest,  chiefly  of  the  work 
done  in  Germany,  on  the  subject. 

So  far  as  the  question  of  the  sources  of  fat  is  concerned,  it 
gives  numerous  tabular  illustrations  from  Voit's  work ;  and  it 
follows  almost  exclusively  the  views  of  Voit  and  of  Wolff  at 
that  time.  He,  however,  quotes  results,  obtained  both  with 
pigs  and  with  other  animals,  which,  he  admitted,  indicate, 
according  to  the  figures,  the  formation  of  fat  from  the  carbo- 
hydrates. But  he  considered  that  the  data  at  command  were 
not  sufficient  to  solve  the  problem ;  and,  with  Wolff,  assumed 
that  the  question  could  not  be  satisfactorily  settled  without 
experiments  in  a  respiration  apparatus.     He   also  considered 

*  Hermann's  Handbuch  d.  Physiologic^  Band  6,  Theil  1,  von  G.  v.  Voit, 
Leipzig,  1881. 
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tbat  estimates  fonnded  on  the  composition  of  the  increase  of 
fattening  animals  as  determined  at  Rothamsted,  are  nncertain. 
He,  nevertheless,  conclnded  that  the  carbohydrates  may  serve 
as  a  source  of  &t  to  swine,  and  under  some  circumstances  to 
other  animals  also. 

It  happens  that  Dr.  Armsby's  book,  founded  to  a  great 
extent  on  Wolffs  earlier  editions,  was  the  only  work  of  the  kind 
in  the  English  langaage  ;  and  hence  many  of  the  rising  gene- 
ration of  agricultural  chemists,  both  in  this  country  and  in 
America,  adopted  the  view  that  the  albuminoids  are  the  main, 
if  not  the  exclusive,  source  of  the  fat  of  oiir  farm  stock,  and  of 
the  butter  of  cows'  milk. 

Under  these  circumstances  it  seemed  desirable  to  consider 
in  some  detail,  both  the  experimental  evidence  bearing  upon 
the  question,  and  the  discussions  which  have  taken  place  in 
regaid  to  it  during  the  last  quarter  of  a  century  or  more. 
It  must  be  admitted,  that  the  importance  of  the  carbo- 
hydrates as  a  direct  source  of  much,  if  not  of  the  whole,  of  the 
fat  stored  up  in  the  animals  which  the  farmer  feeds  has  been 
clearly  re-established.  We  have  reason  to  believe  -that  Dr. 
Armsby  himself  adopts  the  change  of  view ;  though  it  will  pro- 
bably be  some  time  before  the  truth  is  thoroughly  recognised  by 
the  younger  agricultural  chemists. 

It  was  maintained  by  Voit  and  others,  that  to  establish  the 
formation  of  fat  from  the  carbohydrates  it  must  be  experi- 
mentally shown  that  the  fat  deposited  was  in  excess  of  that 
supplied  by  the  food,  pluLs  that  which  could  be  derived  from 
transformed  albumin.  But  it  is  obvious  that  the  mere  fact  that 
the  food  contained  enough  nitrogenous  substance  for  the  forma- 
tion of  all  the  fat  that  had  been  produced  would  of  itself  be  no 
proof  that  that  substance  had  been  its  source.  It  has  been 
seen,  however,  that  Voit's  requirement  was  amply  fulfilled  in  the 
Bothamsted  experiments,  both  with  pigs  and  with  sheep ;  and 
hence  it  must  be  admitted  to  be  proved,  that  at  any  rate  some 
of  the  stored-up  fat  must  have  had  another  source,  which  could 
only  be  the  carbohydrates. 

In  winding  up  the  discussion,  perhaps  we  cannot  do  better 
than  reiterate  the  conclusions  given  in  our  paper  on  the  subject 
in  1866,  namely: — 

1.  That  certainly  a  large  proportion  of  the  fat  of  the  her- 
bivora  fattened  for  human  food  must  be  derived  from  other 
substances  than  fatty  matter  in  the  food. 

2.  That  when  fattening  animals  are  fed  upon  their  most 
appropriate  food,  much  of  their  stored-up  fat  must  be  produced 
from  the  carbohydrates  it  supplies. 
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3.  That  nitrogenoTis  substance  may  also  serve  as  a  source  of 
fat,  more  especially  when  it  is  in  excess,  and  the  supply  of 
available  non-nitrogenous  constituents  is  relatively  defective. 

Food  and  Milk  Production. 

Milk-production,  and  the  dairy  industry,  are  of  such  great  and 
growing  importance,  and  their  various  branches  involve  so 
many  points  of  interest,  that  much  time  and  space  would  be 
required  to  adequately  discuss  them.  But  when  considering 
what  are  the  animal  products  of  value  derived  from  the  con- 
sumption of  food  on  the  farm,  it  would  obviously  be  inappro- 
priate not  to  refer,  however  briefly,  to  the  question  of  milk- 
production  in  some  of  its  aspects. 

Attention  must,  however,  be  confined  almost  exclusively  to 
the  great  difference  in  the  demands  made  on  the  food — on  the 
one  hand  for  the  production  of  meat,  that  is  of  animal  increase, 
and  on  the  other  for  the  production  of  milk.  But  not  only 
do  cows  of  different  breeds  yield  different  quantities  of  milk, 
and  milk  of  characteristically  different  composition,  but  indi- 
vidual animals  of  the  same  breed  have  very  different  milk-yield- 
ing capacity  ;  and  whatever  the  capacity  of  a  cow  may  be,  she 
has  a  maximum  yield  at  one  period  of  her  lactation,  which  is 
followed  by  a  gradual  decline.  Hence,  in  comparing  the 
amounts  of  constituents  stored  up  in  the  fattening  increase  of 
an  ox  with  the  amounts  of  the  same  constituents  removed  in 
the  milk  of  a  cow,  we  must  assume  a  wide  range  of  difference  in 
the  yield  of  milk. 

Accordingly,  Table  VIII.  shows — ^the  amounts  of  nitro- 
genous substance,  of  fat,  of  non-nitrogenous  substance  not  fat, 
of  mineral  matter,  and  of  total  solid  matter,  carried  off  in  the 
weekly  yield  of  milk  of  a  cow,  on  the  alternative  assumptions 
of  a  produce  of —  4,  6,  8,  10,  12,  14,  16,  18,  or  20  quarts  per 
head  per  day ;  and,  for  comparison,  there  is  given  at  the  bottom 
of  the  table  the  amounts  of  nitrogenous  substance,  of  fat,  of 
mineral  matter,  and  of  total  solid  matter,  in  the  weekly  increase 
in  live-weight  of  a  fattening  ox,  of  an  average  weight  of  1,000  lb. 
— first  on  the  assumption  of  a  weekly  increase  of  10  lb.,  and 
secondly  of  16  lb. 

The  estimates  of  the  amounts  of  constituents  in  the  milk 
are  based  on  the  assumption  that  it  will  contain — 12*5  per  cent, 
of  total  solids,  consisting  of  3*65  albuminoids,  3*50  butter-fat, 
4*60  sugar,  and  0*75  of  mineral  matter.  The  estimates  of  the 
constituents  in  the  fattening  increase  of  oxen  are  founded  on 
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the  determinationB  at  Rothamsted  of  sach  increase  as  already 
described. 

Table  VIII. — Comparison  of  tlie  ConstitiienU  of  Food  carried 
off  in  Milkf  and  in  the  FaUening  Increase  of  Oxen, 


[1  CkOIonslO-SS  lb.] 
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genous 
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stance 
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If:— 
4  quarts  per  head  per  day 


6 

ti 

II 

8 

»i 

II 

10 

>* 

i> 

12 

>« 

f> 

14 

1* 

•I 

16 

t» 

)i 

18 

t» 

II 

II 

20 

II 

ft 

II 

lb. 

264 
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6*06 

6*33 

7*59 

8-86 
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11*39 
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3-33 

4*99 

6*66 

8-32 
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13*32 
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lb. 
0*64 
0*81 
108 
1-36 
1-62 
1-89 
216 
2-43 
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lb. 

904 
13-66 
1808 
22*60 
27*12 
31*64 
3616 
40-68 
46-20 


IN  INCREASE  IN  LIVE-WEIGHT  PER  WEEK.— OXEN. 


If  10  lb.  inorease 
If  16  lb.  increaae 


0-16 
0*22 


7*26 
10*88 


Referring  to  the  very  wide  range  of  yield  of  milk  per  head 
per  day  which  the  figures  in  the  table  assume,  it  may  be  re- 
markea  that  it  is  by  no  means  impossible  that  the  same  animal 
might  yield  the  largest  amount — namely,  20  quarts,  or  5  gallons, 
per  day  near  the  beginning,  and  only  4  quarts,  or  1  gallon,  or 
even  less,  towards  the  end  of  her  period  of  lactation.  At  the 
same  time,  an  entire  herd  of,  say,  Shorthorns  or  Ayrshires,  of 
fairly  average  quality,  well  fed,  and  including  animals  at  various 
periods  of  lactation,  should  not  yield  an  average  of  less  than  8 
quarts,  or  2  gallons,  and  would  seldom  exceed  10  quarts,  or  2^ 
gallons,  per  head  per  day,  the  year  round. 

For  ibe  sake  of  illustration,  then,  let  us  assume  an  average 
yield  of  milk  of  10  quarts,  equal  2^  gallons,  or  between  25  and 
26  lb.  per  head  per  day ;  and  let  us  compare  the  amount  of  con- 
stituents in  the  weekly  yield  at  this  rate,  with  that  in  the 
weekly  increase  of  the  fattening  ox  at  the  higher  rate  assumed 
in  the  table — namely,  15  lb.  per  1,000  live-weight,  or  1*5 
per  cent,  per  week. 

Thus,  whilst  of  the  nitrogenous  substance  of  the  food  the 
amount  stored  up  in  the  fattening  increase  of  an  ox  will  be 
only  1-13  lb.,  the  amount  carried  off  as  such  in  the  milk  would 


The  Feeding  of  Animais.  65 

be  6*6  lb.,  or  nearly  six  tiines  as  much.  Of  mineral  matter, 
again,  whilst  the  fattening  increase  would  only  require  about 
0*22  lb.,  the  milk  would  carry  off  1*85  lb.,  or  again  about  six 
times  as  much.  Of  fat,  however,  whilst  the  fattening  increase 
would  contain  9*53  lb.,  the  milk  would  contain  only  6*88  lb.,  or 
only  about  two-thirds  as  much.  On  the  other  hand,  whilst  the 
fattening  increase  contains  no  other  non-nitrogenous  substance 
than  fat,  the  milk  would  carry  off  8*82  lb.  in  tiie  form  of  milk* 
sugar.  It  may  be  observed,  that  this  amount  of  milk-sugar 
redkoned  as  fat  would  correspond  approximately  to  the  differ- 
ence between  the  fat  in  the  milk  and  that  in  tiie  fattening  in- 
crease. 

From  the  foregoing  comparison,  it  is  evident  that  the  drain 
upon  the  food  is  very  much  greater  for  the  production  of  milk 
than  for  that  of  meat.  This  is  especially  the  case  in  the  im- 
portant item  of  nitrogenous  substance ;  and  if,  as  is  frequently 
assumed,  the  butter-fat  of  the  milk  is,  at  any  rate,  largely 
derived  from  the  nitrogenous  substance  of  the  food,  so  far  as  it 
is  so,  at  least  about  two  parts  of  such  substance  would  be  required 
to  produce  one  of  fat.  On  such  an  assumption,  therefore,  the 
drain  upon  the  nitrogenous  substance  of  the  food  would  be  very 
much  greater  than  that  indicated  in  the  table  as  existing  as 
nitrogenous  substance  in  the  milk.  To  this  point  frirther  refer- 
ence will  be  made  presently. 

We  will  next  call  attention  to  the  amounts  of  food,  and  of 
cei'tain  of  its  constituents,  consumed  for  the  production  of  a 
given  amount  of  milk.  This  point  is  illustrated  in  Table  IX., 
which  shows  the  constituents  consumed  per  1,000  lb.  live-weight 
per  day,  in  the  case  of  the  Hothamsted  herd,  then  of  30  cows, 
in  the  spring  of  1884. 

On  the  left  hand  are  shown  the  actual  amounts  of  the 
different  foods  consumed  per  1,000  lb.  live-weight  per  day ; 
and  in  the  respective  columns  are  recorded — first  the  amounts 
of  total  dry  substance  which  the  foods  contained,  and  then  the 
amounts  of  digestible  nitrogenous,  digestible  non-nitrogenous 
(reckoned  as  starch),  and  digestible  total  organic  substance, 
which  the  different  foods  would  supply ;  these  being  calculated 
accoi'ding  to  our  own  estimates  of  the  percentage  composition 
of  the  foods,  and  to  Woli!*'s  estimates  of  the  proportion  of  the 
several  constituents  which  would  be  digestible. 

The  first  colunm  shows  that  the  amount  of  total  dry  sub- 
stance of  food  actually  consumed  by  the  herd,  per  1,000  lb.  live- 
weight  per  day,  was  scarcely  20  lb.,  whilst  Wolff's  *  estimated 


^  Landn,  IHUtertmgtlehret  5^  Aufl.,  1888,  p.  249. 
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r^qoirement,  as  stated  at  the  foot  of  the  table,  is  24  lb.  Bat 
his  ration  would  doubtless  oonsist  in  larger  proportion  of  hay 
and  straw-chaff,  containing  a  larger  proportion  of  indigestible 
and  effete  woody-fibre.  The  figures  show,  indeed,  that  the 
Bothamsted  ration  supplied,  though  nearly  the  same,  even  a 
somewhat  less  amount  of  total  digestible  constituents  than 
WolTs. 

Tablb  IX. — Canstitttents  consumed  per  1,000  lb.  Live- Weight  per 
Day f  for  Sustenance  and  for  MiUc  Production,  The  Rothamsted 
Herd  ofZO  Cows,  Spring  1884. 


Digestible 

Total  dry 
substance 

Nitio> 

genons 

sabstance 

Non-nitro- 
genous 
substance 
(as  starch) 
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nit.  and 

non-nit. 
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19-92 

2-64' 
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11-71  ' 
7-40 

14-36 
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Available  for  milk . 
In  23-3  lb.  milk 

207 
0-86 

4-31 
302 

6-38 
3-87 

Excess  in  food 

— 

1-22 

1-29 

2*61 

PER  1,000  lb.  LIVE-WEIGHT. 


Wolff  . 


'  Albuinluoid  ratio  1-4*4. 


'  ExclusiTe  of  0-4  fat ;  albuminoid  ratio  l-«'4. 


Of  digestible  nitrogenous  substance,  the  food  supplied 
2*64  lb.  per  day,  whilst  the  amount  estimated  to  be  required 
for  sustenance  merely  is  0*57  lb.  ;  leaving,  therefore,  2*07  lb. 
available  for  milk-production.  The  23'3  lb.  of  milk  yielded 
per  1,000  lb.  live-weight  per  day  would,  however,  contain 
only  0*85  lb. ;  and  there  would  thus  remain  an  apparent 
excess  of  1-22  lb.  of  digestible  nitrogenous  substance  in  the 
food  supplied.  But,  against  the  amount  of  2*64  lb.  actually 
consumed,  Wolff's  estimate  of  the  amount  required  for 
sustenance  and  for  milk-production  is  2*5  lb.,  or  but  little 
less  than  the  amount  actually  consumed  at  Bothamsted, 
On  the  assumption  that  the  expenditure  of  nitrogenous  sub^ 


The  Feeding  of  Animals.  67 

stance  in  the  prodaction  of  milk  is  only  in  the  formation 
of  the  nitrogenous  substances  of  the  milk,  there  would  appear 
to  have  been  a  considerable  excess  given  in  the  food. 

But  Wolff's  estimate  assumes  no  excess  of  supply,  and 
that  the  whole  is  utilised  ;  the  fact  being  that  he  supposes  the 
butter-fat  of  the  milk  to  have  been  derived,  largely,  if  not 
wholly,  from  the  albuminoids  of  the  food. 

It  has  been  shown,  that  although  it  is  possible  that  some  of 
the  fat  of  a  fattening  animal  may  be  produced  from  the  albu- 
minoids of  the  food,  certainly  the  greater  part  of  it,  if  not  the 
whole,  is  derived  from  the  carbohydrates.  But  the  physiologi- 
cal conditions  of  the  production  of  milk  are  so  different  from 
those  for  the  production  of  fattening  increase,  that  it  is  not 
admissible  to  judge  of  the  sources  of  the  fat  of  the  one  from 
what  may  be  established  in  regard  to  the  other.  It  has  been 
assumed,  however,  by  those  who  maintain  that  the  fat  of 
the  fattening  animal  is  formed  from  albuminoids,  that  the  fat 
of  milk  must  be  formed  in  the  same  way.  Disallowing  the 
legitimacy  of  such  a  deduction,  there  do,  nevertheless,  seem  to  be 
reasons  for  supposing  that  the  fat  of  milk  may,  at  any  rate  in 
large  proportion,  be  derived  from  albuminoids. 

Thus,  as  compared  with  fattening  increase,  which  may  in  a 
sense  be  said  to  be  little  more  than  an  accumulation  of  reserve 
material  from  excess  of  food,  milk  is  a  special  product,  of  a 
special  gland,  for  a  special  normal  exigency  of  the  animal. 
Further,  whilst  common  experience  shows  that  the  herbivorous 
animal  becomes  the  more  fat,  the  more,  within  certain  limits,  its 
food  is  rich  in  carbohydrates,  it  points  to  the  conclusion  that 
both  the  yield  of  milk,  and  its  richness  in  butter,  are  more 
connected  with  a  liberal  supply  of  the  nitrogenous  constituents 
in  the  food.  Obviously,  so  far  as  this  is  the  case,  it  may  be 
only  that  thereby  more  active  change  in  the  system,  and 
tbeVefore  greater  Ltivity  of  the  special  function,  is  maintained. 
The  evidence  at  command  is  at  any  rate  not  inconsistent  with 
the  supposition  that  a  good  deal  of  the  fat  of  milk  may  have  its 
source  in  the  breaking  up  of  albuminoids,  but  direct  evidence 
on  the  point  is  still  wanting ;  and,  supposing  such  breaking  up 
to  take  place  in  the  gland,  the  question  arises — What  becomes  of 
the  by-products  ?  Assuming,  however,  that  such  change  does 
take  place,  the  amount  of  nitrogenous  substance  supplied  to 
the  Bothamsted  cows  would  be  less  in  excess  of  the  direct 
requirement  for  milk-production  than  the  figures  in  the  table 
would  indicate — if,  indeed,  in  excess  at  all. 

The  figures  in  the  column  relating  to  the  estimated  amount 
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of  digestible  non-nitrogenous  substance  reckoned  as  starch,  show 
that  the  qnantily  actually  consumed  was  11*71  lb.,  whilst  the 
amount  estimated  by  Wolff  to  be  required  was  12*5  lb., 
besides  0-4  lb.  of  fat.  The  figures  further  show  that, 
deducting  7*4  lb.  for  sustenance  from  the  quantity  actually 
consumed,  there  would  remain  4*31  lb.  available  for  milk-pro- 
duction, whilst  only  about  3*02  lb.  would  be  required  supposing 
that  both  the  fat  of  the  milk  and  the  sugar  had  been  derived 
from  the  carbohydrates  of  the  food;  and,  according  to  this 
calculation,  there  would  still  be  an  excess  in  the  daily  food 
of  1-29  lb. 

It  is  to  be  borne  in  mind,  however,  that  estimates  of  the 
requirement  for  mere  sustenance  are  mainly  founded  on  the 
results  of  experiments  in  which  the  animals  are  allowed  only 
such  a  limited  amount  of  food  as  will  maintain  them  without 
either  loss  or  gain  when  at  rest.  But  physiological  con- 
siderations point  to  the  conclusion  that  the  expenditure,  inde- 
pendently of  loss  or  gain,  will  be  the  greater  the  more  liberal 
the  ration ;  and  hence  it  is  probable  that  the  real  excess, 
if  any,  over  that  required  for  sustenance  and  milk-production 
would  be  less  than  that  indicated  in  the  table,  which  is  calcu- 
lated on  the  assumption  of  a  fixed  requirement  for  sustenance 
for  a  given  live-weight  of  the  animal. 

Supposing  that  there  really  was  any  material  excess  of 
either  the  nitrogenous  or  the  non-nitrogenous  constituents 
supplied  over  the  requirement  for  sustenance  and  milk-pro- 
duction, the  question  arises — whether,  or  to  what  extent,  it 
conduced  to  increase  in  live-weight  of  the  animals,  or 
whether  it  was  in  part  or  wholly  voided,  and  so  wasted  ? 

It  would  obviously  be  of  interest  to  trace  the  connexion 
between  variation  in  the  quantity  and  composition  of  the  food, 
and  the  quantity  and  composition  of  the  milk  yielded.  But 
when  the  influence  on  the  result  of  breed,  of  varying 
character  of  individual  animals,  of  period  of  lactation,  and  of 
other  circumstances,  is  borne  in  mind,  it  will  be  seen  that  to 
treat  the  subject  at  all  adequately  would  involve  a  great  deal  of 
detailed  illustration  and  consideration,  and  occupy  very  much 
more  space  than  could  appropriately  be  devoted  to  it  in  this 
place.  We  must,  indeed,  limit  further  reference  to  the  subject  of 
milk-production  to  one  more  illustration,  showing  the  influence 
of  period  of  the  year,  with  its  characteristic  changes  of  food,  on 
the  quantity  and  composition  of  the  milk. 

The  first  column  of  the  second  division  of  Table  X. 
shows  the  average  yield  of  milk  per  head  per  day  of  the 
Bothamsted  herd,  averaging  about  42  cows,  almost  exclusively 
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Shorthorns,  in  each  month  of  the  year,  over  six  years,  1884- 
1889  inclusive ;  and  the  succeeding  columns  show  the  amounts 
of  butter-fat,  of  solids  not  fat,  and  of  totcJ  solids,  in  the  average 
yield  per  head  per  day  in  each  month  of  the  year,  calculated, 
not  according  to  direct  analytical  determinations  made  at 
Bothamsted,  but  according  to  the  results  of  more  than  14,000 
analyses  made,  under  the  superintendence  of  Dr.  Yieth,  in 
the  laboratory  of  the  Aylesbury  Dairy  Company,  in  1884 ;  * 
the  samples  analysed  representing  the  milk  from  a  great  many 
different  farms  in  each  month. 

Tablb  X. — Percentage  Composition  of  Milk  ectch  Month  of  the  Tear  ; 
also  Average  Yield  oj  Milk,  and  oj  Conetitusnts,  per  Head  per 
Day,  each  Month,  according  to  Bothamsted  Dairy  Records, 


Arerage  composltioii  of  milk 

Bothamsted  Dalr7 

each  month,  1884 
(Dr.  Yieth— 14^35  analTses) 

Average 

Betlmated  qnantit '  of 
oonstitnente  in  m(  k 

Percent. 

yield 

per  head  per  day 

Specific 
gravity 

of  milk 

each  montf> 

Batter- 

1 

per  head 

Solids  '   ToXbX 

per  day, 

&t 

not  fat     solids  j 

1              1 

6  years 

Bntter- 

fat 

SoUds 
not  fat 

Tbtal 
soUda 

Per 

Per 

Per 

cent. 

cent. 

cent. 

lb. 

lb. 

lb. 

lb. 

Jannary    . 

10325 

3-56 

9-34 

12-89  1 

20-31» 

0-72 

1-90 

2-62 

Febrnary 

1*0326 

3-53 

9-24  i  12-77 

22-81 

0-80 

211 

2-91 

March 

1-0823 

3-60 

9-22 

12-72  1 

2419 

0*85 

2-23 

308 

April 

10323 

3-43 

9-22    12-65  1 

26-60 

0-91 

2-44 

3-35 

May . 

10824 

3-34 

9-30  1 12-64  1 

31-31       106 

2-91 

3-96 

June 

10323 

3-31 

919    12-60 

30-81      102 

2-83 

3-86 

July. 

10319 

3-47 

9-13    12-60 

2800  ,    0-97 

2  56 

3-53 

August 

10318 

3-87 

908     12-95 

26-00 

0-97 

227 

3-24 

September 

10321 

411 

917 

13-28 

2294 

0-94 

2-11 

805 

October    . 

10324 

4*26 

9-27 

1363 

21-00 

0-89 

1-96 

2-84 

November 

1-0324 

4-36 

9-29 

13-66 

1919  I   0-84 

1-78 

2-62 

December 

10326 

410 

9-29 

13-39 

19-31  '    0-79 

1 

1-79 

2-58 

Mean  . 

10323 

3-74 

9-22 

1296 

1 

24-28 

0-90      2-24 

314 

^  Average  over  6  years  only,  as  the  records  did  not  commence  until  February  1884. 

It  should  be  stated  that  the  Bothamsted  cows  had  cake 
thronghont  the  year ;  at  first  4  lb.  per  head  per  day,  but  after- 
wards graduated  according  to  the  yield  of  milk,  on  the  basis  of 
4  lb.  for  a  yield  of  28  lb.  of  milk,  the  result  being  that  then  the 
amount  given  averaged  more  per  head  per  day  during  the 
grazing  period,  but  less  earlier  and  later  in  the  year.  Bran, 
hay  and  straw-chaflf,  and  roots  (generally  mangel),  were  also 
given  when  the  animals  were  not  turned  out  to  grass.     The 


*  The  Analyst,  April,  1885,  vol.  x ,  p.  67. 
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general  plan  was,  therefore,  to  give  cake  alone  in  addition  when 
the  cows  were  tnmed  out  to  grass,  bnt  some  other  dry  food,  and 
roots,  when  entirely  in  the  shed  daring  the  winter  and  early 
spring  months. 

Referring  to  the  column  showing  the  average  yield  of  milk 
per  head  per  day  each  month  over  the  six  years,  it  will  be  seen 
that  daring  the  six  months — January,  Pebraary,  September, 
October,  November,  and  December — the  average  yield  was 
sometimes  below  20  lb.,  and  on  the  average  only  about  21  lb. 
of  milk  per  head  per  day ;  whilst  over  the  other  six  months  it 
averaged  27*63  lb.,  and  over  May  and  June  more  than  31  lb., 
per  head  per  day,  That  is  to  say,  the  quantity  of  milk  yielded 
was  considerably  greater  during  the  grazing  period  than  when 
the  animals  had  more  dry  food,  and  roots  instead  of  grass. 

Next,  referring  to  the  particulars  of  composition,  according 
to  Dr.  Vieth's  results,  which  may  well  be  considered  as  typical 
for  the  different  periods  of  the  year,  it  is  seen  that  the  specific 
gravity  of  the  milk  was  only  average,  or  lower  than  average, 
■during  the  grazing  period,  but  rather  higher  in  the  earlier  and 
later  months  of  the  year.  The  percentage  of  total  solids  was 
rather  lower  than  the  average  at  the  beginning  of  the  year, 
lowest  during  the  chief  grazing  months,  but  considerably  h^her 
in  the  later  months  of  the  year,  when  the  animals  were  kept  in 
the  shed,  and  received  more  dry  food.  The  percentage  of  batter- 
fat  follows  very  closely  that  of  the  total  solids,  being  the  lowest 
during  the  best  grazing  months,  but  considerably  higher  than 
the  average  during  the  last  four  or  five  months  of  the  year,  when 
more  dry  food  was  given.  The  percentage  of  solids  not  fat  was 
considerably  the  lowest  during  the  later  months  of  the  grazing 
period,  but  average,  or  higher  than  average,  during  the  earlier 
and  later  months  of  the  year. 

It  may  be  observed  that,  according  to  the  average  percent- 
ages given  in  the  table,  a  gallon  of  milk  will  contain  more  of 
both  total  solids  and  of  butter-fat  in  the  later  months  of  the 
year ;  that  is,  when  there  is  less  grass  and  more  dry  food  given. 

Turning  now  to  the  last  three  columns  of  the  table,  it  is 
seen  that  although,  as  has  been  shown,  the  percentage  of  the 
several  constituents  in  the  milk  is  lower  during  the  grazing 
months,  the  actual  amounts  contained  in  the  quantity  of  milk 
yielded  per  head  are  distinctly  greater  during  those  months. 
Thus,  the  amount  of  butter-fat  yielded  per  head  per  day  is  above 
the  average  of  the  year  from  April  to  September  inclusive ;  the 
amounts  of  solids  not  fat  are  over  average  from  April  to  August 
inclusive;  and  the  amounts  of  total  solids  yielded  are  average 
or  over  average  from  April  to  August  inclusive. 
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From  the  foregoing  resnlte,  it  cannot  be  doubted  that  the 
quantity  of  milk  yielded  per  head  is  very  much  the  greater 
during  the  grazing  months  of  the  year ;  but  that  the  percentage 
composition  of  the  milk  is  lower  during  that  period  of  higher 
yield,  and  considerably  higher  during  the  months  of  more 
exclusively  dry-food  feeding.  Nevertheless,  owing  to  the  much 
greater  quantity  of  milk  yielded  during  the  grazing  months, 
the  actusd  quantity  of  constituents  yielded  per  cow  is  greater 
during  those  months  than  during  the  months  of  higher  percent- 
age composition,  but  lower  yield  of  milk  per  head.  It  may  be 
added,  that  a  careful  consideration  of  the  number  of  newly 
calved  cows  brought  into  the  herd  each  month,  shows  that 
the  results  as  above  stated  were  perfectly  distinct,  independently 
of  any  influence  of  the  period  of  lactation  of  the  different 
individuals  of  the  herd. 

The  few  results  which  have  been  brought  forward  in  rela- 
tion to  miUc-productum  are  admittedly  quite  insufficient  ade- 
quately to  illustrate  the  influence  of  variation  in  the  quantity 
and  composition  of  the  food  on  the  quantity  and  composition 
of  the  milk  yielded.  Indeed,  owing  to  the  intrinsic  difficulties 
of  experimenting  on  such  a  subject,  involving,  as  has  been 
pointed  out,  so  many  elements  of  variation  beside  those  which 
it  is  sought  to  investigate,  any  results  obtained  have  to  be 
interpreted  with  much  care  and  reservation.  Nevertheless, 
exercising  such  care  and  reservation  in  regard  to  the 
numerous  results  of  ourselves  and  others  which  are  at  command, 
it  may  be  taken  as  clearly  indicated  that,  within  certain  limits, 
high  feeding,  and  especially  high  nitrogenous  feeding,  does 
increase  both  the  yield  and  the  richness  of  the  milk.  But  it  is 
evident  that,  when  high  feeding  is  pushed  beyond  a  com- 
paratively limited  range,  the  tendency  is  to  increase  the  weight 
of  the  animal ;  that  is,  to  favour  the  development  of  the  indi- 
vidual, rather  than  to  enhance  the  activity  of  the  functions 
connected  with  the  reproductive  system.  This  is,  of  course,  a 
disadvantage  when  the  object  is  to  maintain  the  milk-yielding 
condition  of  the  animal ;  but  when  a  cow  is  to  be  fattened  off  it 
will  be  otherwise. 

It  has  been  stated  that,  early  in  the  period  of  six  years  in 
which  the  Bothamsted  results  that  have  been  quoted  were 
obtained,  the  amount  of  oil-cake  given  was  graduated  according 
to  the  yield  of  milk  of  each  individual  cow  ;  as  it  seemed  un- 
reasonable that  an  animal  yielding,  say,  only  4  quarts  per  head 
per  day,  should  receive,  beside  the  home  foods,  as  much  cake 
as  one  yielding  several  times  as  much.  The  obvious  supposition 
is,  that  any  excess  of  food  beyond  that  required  for  sustenance 
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and  milk-production  would  tend  to  increase  the  weight  of  the 
animal,  which,  according  to  the  circumstances,  may  or  may  not 
be  desirable.  But  there  remains  the  important  question — 
whether  the  period  of  lactation  is  lengthened,  or  the  yield  of  ihe 
higher  yielding  cows  is  maintained  the  longer,  by  an  increased 
amount  of  food  ?  or  whether,  on  the  other  hand,  the  period  of 
lactation,  or  the  yield  of  milk,  is  reduced  by  the  limitation  of 
the  supply  of  food?  The  point  is  at  any  rate  deserving  of 
careful  experiment  and  observation. 

It  may  be  observed  that  direct  experiments  at  Bothamsted 
confirm  the  view,  arrived  at  by  common  experience,  that  roots, 
and  especially  mangel,  have  a  favourable  effect  on  the  flow  of 
milk.  Further,  the  Bothamsted  experiments  have  shown,  that 
a  higher  percentage  of  butter-fat,  of  .other  solids,  and  of  total 
solids,  was  obtained  with  mangel  than  with  silage  as  the 
succulent  food.  The  yield  of  milk  was,  however,  in  a  much 
greater  degree  increased  by  grazing  than  by  any  other  change 
in  the  food ;  and  with  us,  at  any  rate,  the  influence  of  roots 
comes  next  in  order  to  that  of  grass,  though  far  behind  it,  in 
tihis  respect.  But  with  grazing,  as  has  been  shown,  the  per- 
centage composition  of  the  milk  is  considerably  reduced ;  though, 
owing  to  the  greatly  increased  quantity  yielded,  the  amount  of 
constituents  removed  in  the  milk  whilst  grazing  may,  neverthe- 
less, be  greater  per  head  per  day  than  under  any  other  condi- 
tions. 

Lastly,  it  has  been  clearly  illustrated  how  very  much 
greater  is  the  demand  upon  the  food,  especially  for  nitrogenous 
and  for  mineral  constituents,  in  the  production  of  milk  than  in 
that  of  fattening  increase. 

Food  and  Manure. 

At  the  commencement  of  this  paper  it  was  shown,  by  refer- 
ence to  a  special  example,  how  large  was  the  proportion  of  the 
constituents  of  the  crops  grown  in  a  rotation  which  was  retained 
on  the  farm  for  further  use — ^in  fact,  for  consumption  by  animals, 
or  for  litter.  It  was  shown  that,  in  the  case  selected  for  illus- 
tration, there  would  be  so  retained  on  the  farm  for  such  further 
use  more  than  two-thirds  of  the  total  vegetable  substance  grown, 
more  than  half  of  the  nitrogen  of  the  crops,  and  about  six- 
sevenths  of  the  total  mineral  matter ;  whilst,  of  the  individual 
mineral  constituents  of  the  crops,  less  than  half  of  the  phosphoric 
acid  but  about  four-fifths  of  the  potash,  would  be  retained. 

Of  course,  in  the  very  varied  practice  of  Agriculture  at  the 
present  day  there  will  sometimes  be  larger,  and  sometimes 
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smaller,  proportions  of  the  various  constitnents  of  the  crops  at 
once  sold  off,  or  retained  on  the  farm ;  bat  the  example  given  may 
be  taken  as  essentially  typical,  and  as  so  far  conveying  a*  very 
useful  impression  on  the  subject.  But,  besides  the  constituents 
of  the  home-grown  rotation  crops  retained  upon  the  farm  for 
food  and  litter,  there  will  be  more  or  less  produce  from  grass 
land,  whilst  modem  practices  frequently  involve  the  purchase  of 
a  considerable  quantity  of  imported  food-stuffs. 

Results  relating  to  the  feeding  of  animals  for  the  production 
of  meat,  and  of  milk,  have  been  considered ;  and  we  have  now  to 
discuss  the  subject  of  feeding  as  a  source  of  manure.  Numerous 
Rothamsted  experiments  have  shown  how  small  is  the  propor- 
tion of  the  various  constituents  consumed  in  food  by  fattening, 
or  even  by  growing  animals,  which  is  stored  up  in  their  increase, 
and  which  will  therefore  be  lost  to  the  manure.  In  the  pro- 
duction of  milk,  however,  it  has  been  seen  that  the  loss  to  the 
manure  is  very  much  greater. 

Of  the  mineral  matters  of  the  food,  we  know  that  there  need 
be  no  loss  to  the  manure  beyond  that  carried  off  in  the  animal 
increase  or  in  mUk.  Of  the  nLnii^ogenouB  organic  substance  of 
the  food,  a  very  large  proportion  is  lost  by  the  respiration  of 
the  animals,  and  a  not  inconsiderable  quantity  contributes  to 
the  animal  increase  or  milk ;  and  what  remains  for  manure,  is  of 
no  material  value  as  a  direct  supply  of  constituents,  and  of  com- 
paratively little  by  the  action  of  its  products  of  decomposition 
within  the  soil.  Indeed,  the  most  important  point  to  consider  is 
— What  proportion  of  the  nitrogen  of  the  food  remains  for  manure  ? 
As  has  been  shown,  and  as  will  be  farther  illustrated  presently, 
only  a  comparatively  small  proportion  is  carried  off  in  animal 
increase ;  but  a  much  larger  amount  is  lost  to  the  manure  in  the 
production  of  milk.  But  the  further  questions  arise — Is  there 
any,  so  to  speak,  vital  exhalation  of  nitrogen,  or  of  any  com- 
pounds of  it,  by  the  animal  ?  Or,  may  we  estimate  that  the  whole 
of  that  consumed  which  is  not  carried  off  in  the  animal  increase, 
or  in  milk,  will  be  found  in  the  solid  and  liquid  dejections,  and 
so  remain  for  manure  ?  Or,  on  the  other  hand,  Is  there  any 
assimilation  by  the  animal  of  the  free  nitrogen  of  the  atmo- 
sphere? The  further  practical  question  still  remains — Is  there 
any  material  loss  of  nitrogen  after  the  solid  and  liquid  excre- 
tions leave  the  body,  and  before  their  utilisation  within  the  soil 
for  the  production  of  future  crops  ? 

First  theU)  Is  there  any  vital  exhalation  by  the  animal  of 
nitrogen  or  of  any  of  its  compounds  ? 

Obviously,  this  is  a  question  which  could  not  be  experi- 
mentally investigated  before  definite  knowledge  was  attained  in 
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regard  to  the  composition  of  the  atmosphere.  Bat  after  sach 
knowledge  had  been  acquired,  rather  more  than  a  century  ago, 
the  subject  of  the  mutual  relations  of  the  atmosphere,  and  of 
vegetable  and  animal  growth,  came  to  be  studied ;  and,  among 
other  points,  it  was  sought  to  determine  whether,  on  the  one 
hand,  the  free  nitrogen  was  assimilated  by  animals  ?  or,  on  the 
other,  whether  it  was  exhaled,  at  the  expense  of  the  nitrogenous 
substance  of  the  food,  of  the  blood,  or  of  the  more  fixed  substance 
of  the  body? 

Commencing  towards  the  end  of  the  last  century,  numerous 
investigations  have  been  undertaken,  from  various  points  of  view, 
bearing  upon  the  subject;  and  among  the  investigators  or 
writers  may  be  named — Lavoisier,  Laplace,  S6guin,  Dalton,  Sir 
H.  Davy,  Pfaff,  Provencal  and  Humboldt,  AUen  and  Pepys, 
Despretz  and  Dulong,  Brunner  and  Valentin,  Marchand,  von 
Erlach,  Baumert,  Begnault  and  Reiset,  Berthollet,  Milne- 
Edwards,  and  C.  G.  Lehmann  ;  besides  others  more  recently. 

It  is  impossible  shortly,  and  at  the  same  time  adequately, 
either  to  describe  or  to  criticise  the  numerous  and,  upon  the 
whole,  discordant  results,  that  have  been  obtained  in  regard  to 
the  question  of  the  assimilation  or  exhalation  of  free  nitrogen  by 
•  animals.  It  is  noticeable  that  the  earlier  investigators,  Lavoisier, 
Laplace,  and  S^guin,  concluded  that  the  amount  of  nitrogen 
expired  was  neither  more  nor  less  than  that  inspired ;  and  in  this 
view  they  are  in  the  main  supported  by  the  conclusions,  though 
not  entirely  by  the  results,  of  Allen  and  Pepys,  of  Brunner  and 
Valentin,  and  von  Erlach.  In  favour  of  the  view  that  firee 
nitrogen  is  absorbed  and  assimilated  may  be  cited  the  opinions 
of  Sir  Humphry  Davy  and  of  PfafiP,  so  far  as  certain  warm- 
blooded animals  are  concerned ;  and  of  Provencal  and  Humboldt, 
and  of  Baumert,  in  regard  to  fish.  On  the  other  hand,  that  there 
is  evolution  of  free  nitrogen  has  been  concluded  by  Sir  H.  Davy, 
Berthollet,  Dulong  and  Despretz,  Magnus,  Marchand,  Qrassi, 
Begnault  and  Reiset,  and  C.  6.  Lehmann. 

In  regard  to  evolution,  the  most  extensive  and  elaborate 
experiments  are  those  of  Regnault  and  Reiset.  But  the 
amounts  which  their  results  indicated  would  imply  the  loss  in 
that  way  of  an  incredibly  large  proportion  of  the  total  nitrogen 
consumed  in  the  food ;  whilst  Liebig  estimated  that  the  evolution 
which  Dulong  assumed  was  so  great  that,  in  the  case  of  one  of 
the  experimental  animals,  the  whole  of  the  nitrogen  of  the  body 
would  be  lost  in  seven  days ;  and  that,  at  the  rate  assumed  by 
Despretz,  the  nitrogen  of  one  pound  of  flesh  would  go  off  in 
thirty-one  hours. 

Then,    the    results   indicating    absorption    are    the    most 
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pronounced  in  the  experiments  with  fish.  The  question  arises, 
therefore,  whether  in  their  case  the  result  may  not  be  explained 
by  supposing  that  oxygen  has  been  absorbed  from  the  air  within 
the  body,  especially  in  the  swimming  bladder,  and  nitrogen 
stored  up  in  its  place,  under  the  conditions  of  limited  supply  of 
oxygen  from  external  sources  to  which  the  animals  have 
generally  been  subjected  during  experiment. 

Upon  the  whole  it  must  be  concluded  that,  irom  a  variety 
of  causes,  connected  sometimes  with  the  conditions  under  which 
the  animals  were  placed  under  experiment,  sometimes  with  the 
circumstances  under  which  the  samples  assumed  io  represent 
the  inspired  and  expired  air  respectively  were  taken  for 
analysis,  and  sometimes  with  the  methods  of  analysis  themselves, 
the  results  of  the  experiments  on  respiration  which  have  been 
referred  to,  have  not  been  sufficiently  free  from  doubt  to  be 
accepted  as  establishing  so  important  a  conclusion  as  either 
the  assimilation  of  free  nitrogen  by  animals,  or  the  evolution  of 
it  from  its  compounds  within  the  body. 

The  next  point  to  consider  is — whether  there  is  any  loss  of 
ammonia,  or  of  other  compounds  of  nitrogen,  in  the  breath,  or 
by  the  skin. 

Louis  Thompson,  Thiry,  Grouven,  and  others,  have  found 
some  emanation  of  ammonia ;  but  Lessen,  and  others,  consider  it 
doubtful  whether  the  ammonia  in  the  air  itself  might  not 
account  for  the  results. 

Various  experiments  have  been  made  to  determine  the  loss 
of  nitrogen  in  sweat.  In  the  sweat  of  man,  ammonia  and  urea 
have  been  found.  In  the  sweat  of  a  horse,  Qrandeau  and 
Leclerc  ^  found  ammonia,  urea,  and  albumin.  Professor  F. 
Smith,  of  Aldershot,^  has  also  examined  the  sweat  of  horses. 
Besides  various  inorganic  salts,  he  found  ammonia,  and  3*381 
per  cent,  of  albumin.  He  reckons  that  a  pint  of  sweat  will 
thus  contain  0*676  ounce  of  albumin,  and  that  this  amount 
would  be  equivalent  to  the  nitrogen  in  5|  ounces  of  oats.  He 
further  thinks  it  probable  that  the  reduction  of  sweating  by 
clipping  would,  with  hard  work,  be  equivalent  to  1  lb.  of  com 
per  day. 

It  seems  safe  to  conclude,  that  the  loss  of  combined  nitrogen 
by  gaseous  emanations  from  the  lungs  and  skin  is,  for  all 
practical  purposes,  quantitatively  immaterial.  The  sweat  would 
seem  to  be  a  more  important  source  of  loss  in  animals  submitted 
to  much  muscular  exercise.     But,  even  in  their  case,  it  does 

*  AimeUes  de  la  Seienoe  agronomique^  5""  ann6e,1888,  tome  ii.,  pp.  311-314. 

*  Jawmal  of  Phynology,  1890,  vol.  zi.  p.  497. 
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not  seem  to  be  large ;  whilst  in  that  of  the  animals  of  the  farm 
fed  for  the  production  of  meat  or  milk  it  would  presumably  be 
much  less  material. 

We  now  come  to  the  consideration  of  evidence  of  quite 
another  kind  as  to  the  loss  to  the  manure  of  the  nitrc^n  of  the 
food,  beyond  the  amount  stored  up  in  increase,  or  removed  in 
milk  :  namely,  that  afforded  by  the  results  of  experiments  made 
to  determine  the  relation  of  the  amount  of  nitrogen  voided  in 
the  solid  and  liquid  excretions,  to  that  consumed  in  the  food. 
Most  of  these  have  been  made  with  the  animals  of  the  feurm  ; 
indeed,  most  of  them  have  had  for  their  object  the  direct 
determination  of  the  amount  of  the  nitrogen  of  the  food 
consumed  which  is  recovered  in  the  manure  in  practical 
feeding.  The  chief  results  may  be  very  briefly  summarised  as 
follows : — 

Boussingault  made  experiments  ^  with  a  cow,  with  a  horse, 
and  with  turtle-doves  (probably  between  1830  and  1840). 

In  the  experiment  with  a  cow,  the  animal  was  fed  on  the 
same  food  for  about  a  month,  and  the  results  relate  to  the  three 
concluding  days  of  that  period.  Boussingault  observes  that  the 
animal  did  not  suffer  any  material  change  in  weight.  Besides 
the  nitrogen  removed  in  the  milk,  there  was  an  amount  not 
recovered  in  the  excrements  which  represented  a  loss  of  13*4  per 
cent,  of  the  total  nitrogen  of  the  food. 

In  the  experiment  with  a  horse,  the  animal  had  received 
the  same  ration  for  three  months,  and  did  not  either  gain  or 
lose  in  weight  appreciably.  There  was  here  again  an  amount 
unaccounted  for,  representing  a  loss  of  17*2  per  cent,  of  the 
nitrogen  of  the  food. 

In  the  two  experiments  with  turtle-doves,  one  over  five  and 
the  other  over  seven  days,  each  of  the  birds  rather  lost  weight. 
Their  food  was  millet ;  and  in  the  one  case  there  was  a  loss  of 
35*9,  and  in  the  other  of  34*1,  per  cent,  of  the  nitrogen  in  the 
food.  Boussingault  thought  that  there  was  undoubtedly  a  loss 
of  nitrogen,  as  the  amount  unrecovered  was  far  too  great  to  be 
accounted  for  by  errors  of  analysis. 

Experiments  were  made  on  the  subject  at  Rothamsted,  in 
1 854,  with  pigs.  Individual  male  animals  were  experimented  upon 
for  periods  of  three  and  of  ten  days.  Each  animal  was  kept 
in  a  frame,  preventing  it  from  turning  round,  and  having  a  sdnc 
bottom  sloping  slightly  from  each  side  towards  the  centre, 
where  there  was  an  outlet  for  the  urine  to  run  into  a  bottle 

»  Agrmomie,  CMmie  agrieele  et  Phyiielogis,  2nd  ed.,  1874,  vol.  v.  p.  U4. 
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beneath.  They  were  watched  night  and  day,  and  the  voidings 
carrfnlly  collected  as  soon  as  passed ;  which  could  easily  be  done, 
as  the  animalB  never  passed  either  fseces  or  nrine  without 
getting  up,  and  in  so  doing  rang  a  bell,  and  thus  attracted  the 
notice  of  the  attendant.  The  constituents  determined  were — in 
the  food  and  fseces,  dry  matter,  ash,  and  nitrogen ;  and  in  the 
urine,  dry  matter,  rah,  nitrogen,  and  urea.  In  preparing 
samples  of  fsBces  or  of  urine  for  nitrogen  determinations,  a 
mixture  was  made  of  a  proportional  part  of  the  voiding  of  each 
twenty-four  hours,  and  oxalic  acid  added.  In  the  case  of  the 
faeces,  portions  of  the  acid  mixture  were  taken  for  the  determina- 
tion of  dry  matter ;  and  nitrogen  determinations  were  made  in  the 
partially  dried  substance,  and  calculated  up  to  the  fully  dried 
condition.  In  the  case  of  the  urine,  portions  of  the  acid 
mixture  were  fully  dried,  and  other  portions  partially  dried,  and 
then  mixed  with  about  half  the  weight  of  fully  dried  oak-dust, 
in  which  the  nitrogen  was  determiued. 

Over  a  preliminary  period,  and  also  over  each  period  of 
exact  experiment,  one  animal  received  the  highly  nitrogenous 
lentil-meal,  and  the  other  the  low-in-nitrogen  barley-meal. 
In  each  case,  the  one  receiving  lentil-meal  consumed  more 
than  twice  as  much  nitrogen  in  food,  and  voided  more  than- 
twice  as  much  in  the  solid  and  liquid  excrements. 

Notwithstanding  the  great  attention  paid  to  the  collection, 
the  sampling,  and  the  preparation  of  the  samples  of  the  excre- 
ments for  nitrogen  determinations,  as  above  described,  there 
was,  in  each  case,  a  considerable  amount  of  the  nitrogen  of 
the  food  unaccounted  for  in  that  estimated  in  the  increase,  and 
in  that  found  in  the  excrements.  There  was,  too,  a  much 
greater  loss  indicated  by  the  results  of  the  direct  nitrogen 
determinations  in  the  urine  dried  with  an  excess  of  oxalic  acid, 
than  when  the  nitrogen  was  calculated  from  the  amount  of  urea 
found  daily  in  the  fresh  urine.  As,  however,  nitrogen  deter- 
minations (by  soda-lime  and  platinum  salt)  were  made  by  two 
analysts,  whose  results  agreed  very  fairly,  it  may  be  concluded 
that  the  loss  was  connected  with  the  methods  of  collection, 
sampling,  and  preparation  for  analysis,  rather  than  with  those 
of  the  analysis ;  and  it  is  probable  tiiat  the  same  remark  applies 
to  the  results  obtained  with  the  faeces.  In  illustration  of  the 
range  of  loss  of  nitrogen  indicated,  it  may  be  stated  that  when 
the  nitrogen  in  the  urine  was  reckoned  from  the  amount  of 
urea,  the  loss  ranged  in  the  four  experiments  between  20  and 
80  per  cent,  of  that  in  the  food,  and  when  by  direct  nitrogen 
determinations  in  urine,  as  well  as  in  faeces,  from  under  to  over 
40  per  cent.     However,  in  the  case  of  each  food,  whether  the 
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nitrogen  in  the  nrine  was  determined,  or  calculated  from  the 
urea,  there  was  considerably  less  loss  indicated  over  the  ten-day 
than  over  the  shorter  three-day  periods ;  again  connecting  the 
error  with  the  collection,  sampling,  and  preparation,  rather  than 
with  the  analysis. 

In  view  of  these  unsatisfactory  results,  and  of  the  evidence 
that  much,  at  any  rate,  of  the  loss  was  probably  due  to  experi- 
mental difficulties  and  errors,  the  subject  was  taken  up  again 
in  1862.  The  pigs  were  kept  in  frames  as  before,  and  the 
voidings  were  collected  in  the  same  way ;  but  they  were  sampled 
morning  and  evening,  instead  of  only  once  in  the  twenty-four 
hours,  as  in  1854.  Advantage  was  also  taken  of  the  previous 
experience  in  regard  to  various  other  points  of  manipulation. 
Lastly,  the  direct  nitrogen  determinations  were  made  by  soda- 
lime  as  before,  but  with  titration  instead  of  platinum  salt. 

Two  animals  were  experimented  upon,  each  for  a  period 
of  ten  days,  and,  after  an  interval  of  a  few  weeks,  for  five  days 
more.  The  food  of  one  consisted  of  three  parts  bean-meal  and 
one  part  bran,  and  of  the  other  of  three  parts  barley-meal  and 
one  part  bran. 

In  the  case  of  the  pig  having  the  highly  nitrogenous  bean- 
meal  and  bran,  the  nitrogen  balance  for  the  ten  days  showed  a 
gain  of  4*04  -per  cent,  when  direct  nitrogen  determinations  were 
made  in  the  urine,  and  of  only  2*82  per  cent,  when  the  nitrogen 
in  the  urine  was  calculated  from  the  amount  of  urea.  On  the 
other  hand,  over  the  five-day  period  there  was  a  loss  indicated 
of  3*35  per  cent,  with  the  direct  nitrogen  determinations  in  the 
nrine,  and  of  only  1*61  per  cent,  when  the  nitrogen  was 
calculated  from  urea.  In  the  latter  case,  therefore,  the  amount 
of  nitrogen  accounted  for  was  again  less  with  direct  determina- 
tion than  by  calculation  from  urea. 

In  the  case  of  the  pig  having  the  low-in-nitrogen  barley- 
meal,  and  bran,  there  was,  over  the  ten-day  period,  a  loss  indi- 
cated of  7*16  per  cent  of  nitrogen  with  direct  determination, 
and  of  only  4*90  per  cent,  when  the  nitrogen  was  calculated 
from  the  urea.  In  this  case,  therefore,  there  was  again  less  loss 
of  nitrogen  by  calculation  from  urea  than  by  direct  determinap- 
tion.  Lastly,  over  the  five-day  period  there  was,  with  the 
barley-meal  and  bran,  a  gain  of  nitrogen  indicated  of  7*76  per 
cent,  with  direct  determination  of  nitrogen  in  the  urine,  and  of 
11*02  per  cent,  when  calculated  from  the  urea.  In  both  cases, 
therefore,  there  was  more  nitrogen  accounted  for  by  calculation 
from  urea  than  by  direct  determination. 

These  results  obtained  in  1862  show,  therefore,  with  the 
beans  and  bran,  a  slight  gain  over  the  ten  days,  and  a  slight 


1^  Feediv^  of  Animals,  79 

loss  over  the  five  days.  On  the  other  hand,  with  the  barley 
and  bran  there  was  a  comparatively  small  loss  over  the  ten  days, 
and  a  somewhat  greater  gain  over  the  five  days. 

When  the  fact  that  there  was  a  much  greater  variation  in 
the  amounts  of  the  daily  voidings  than  in  those  of  the  food 
daily  consumed,  and  also  the  uncertainty  in  the  estimation  of 
the  proper  increase  of  the  animals  over  short  periods  and  of  the 
nitrogen  in  it,  are  taken  into  account,  these  results  must  be 
admitted  to  afford  no  evidence  of  any  real  loss  to  the  manure  of 
the  nitrogen  of  the  food,  beyond  that  in  the  increase  and  in  the 
excrements. 

The  next  results  to  consider  were  obtained  at  Bothamsted 
in  1861,  with  sheep.  There  were  four  pens  with  five  sheep  in 
each.  Besides  the  determination  of  the  total  dry  matter,  ash, 
and  nitrogen,  in  the  food  and  in  the  excrements,  one  special 
object  was  to  determine  what  proportion  of  the  cellulose  of  the 
food  was  digested ;  and  whether  more  or  less  was  so  utilised 
according  to  the  character  of  the  foods  given  with  it.  Accord- 
ingly, foods  containing  a  comparatively  large  amount  of  cellulose 
were  selected,  as  under ; — 

Pen  1.  Meadow-hay-chaif  alone,  ad  libitum. 
„    2.  1  lb.  of  ground  beans  per  head  per  day,  and  meadow-hay-chaff  ad 

libitum, 
„    3.  1  lb.  of  ground  barley  per  head  per  day,  and  meadow-hay-chalF  ad 

libitum 
f,    4.  About  6^  oz.  of  ground  beans^  and  about  3^  oz.  of  linseed  oil,  per 

head  per  day,  and  meadow-hay-chaff  ad  libitum. 

In  Pen  4  the  object  was  to  give  an  amount  of  beans  con- 
taining  the  same  quantity  of  nitrogen  88  the  barley  of  Pen  3, 
and  then  to  make  up  the  deficiency  of  starch  in.  the  smaller 
quantity  of  beans  compared  with  that  in  the  barley  by  oil,  in 
the  proportion  of  1  part  of  oil  for  2^  parts  of  starch. 

With  a  view  to  tiie  careful  collection,  sampling,  and  analysis 
of  the  excrements,  the  sheep  were  kept  under  cover,  on  rafters, 
through  which  (but  with  some  loss)  the  solid  and  liquid  excreta 
passed  on  to  a  sheet-zinc  flooring,  at  such  an  incline  that  the 
liquid  drained  ofi*  at  once  into  carboys  containing  oxalic  acid ; 
and  the  solid  matter  was  removed  two  or  three  times  daily,  and 
also  mixed  with  oxalic  acid. 

After  a  preliminary  period  of  eight  weeks  the  exact  feeding 
experiment  was  continued  for  thirty-two  weeks  more,  from 
January  25  to  September  6.  Commencing  on  March  26,  and 
ending  on  August  9,  samples  of  the  excrements  were  taken  at 
intervals,  in  each  case  for  several  consecutive  days,  namely^ 
4,  5,  5,  7,  7,  7,  7,  7,  7  and  7  days;  and  the  results  here 
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given  are  the  means  of  the  seven  7-day  periods.  The  amounts 
of  nitrogen  so  indicated  to  be  not  recovered  in  either  the 
increase  or  in  the  excreted  matters  were,  in  the  foor  pens, 
respectively  12*5,  25*4,  15*2,  and  17*7  per  cent,  of  the  nitrogen 
supplied  in  the  food.  It  is  to  be  observed  that  the  estimated 
loss  is  the  greatest  with  the  most,  and  the  least  with  the  least, 
nitrogen  in  the  food.  The  question  arises — whether  the  greater 
estimated  loss  is  connected  with  an  under-estimate  of  the 
nitrogen  in  the  increase  of  the  animals  feeding  on  the  more 
highly  nitrogenous  food,  or  with  an  actually  greater  loss  from 
decomposition  in  the  case  of  the  more  highly  nitrogenous 
excrements. 

In  1858,  Henneberg  '  made  experiments  with  2  oxen,  each 
separately.  The  animals  were  kept  on  sustenance  food  only. 
After  a  preliminary  period  of  several  weeks,  there  were  three 
periods  of  more  exact  experiment — the  first  from  February  27  to 
March  27,  the  second  from  March  28  to  May  21,  and  the  third 
from  May  22  to  July  15 ;  and  during  3  days  towards  the  end  of 
each  of  these  periods  the  excrements  were  collected  and  ana- 
lysed. Ox  No.  1  gained  6  lb.  during  the  three  days  of  the 
first  period,  1  lb.  during  those  of  the  second,  and  1 1  lb.  durins 
those  of  the  third.  The  percentage  of  the  nitrogen  of  the  food 
which  was  not  recovered  in  the  excrements  was,  for  the  respec- 
tive three-day  periods,  5*7, 28*8,  and  15-1,  or  an  average  of  16*5. 
Ox  No.  2  neitiier  gained  nor  lost  during  the  first  three-day  period, 
lost  3  lb.  during  the  second,  and  8  lb.  during  the  third ;  and  the 
analyses  of  the  excrements  showed  a  gain  of  nitrogen  compared 
with  that  in  the  food  of  9*6  per  cent,  over  the  first  three  days,  a 
loss  of  24*7  per  cent,  over  the  second  three,  and  a  gain  of  6*3 
per  cent,  over  the  third.  That  is  to  say,  Ox  No.  1,  with  more  or 
less  gain  over  each  of  the  three-day  periods — ^which  may  perhaps 
be  interpreted  as  retention  in  the  alimentary  canal  or  bladder 
rather  than  increase  in  the  substance  of  the  body — showed  a 
considerable  deficit  of  nitrogen  in  the  excrements  compared 
with  that  in  the  food.  Ox  No.  2,  on  the  other  hand,  with  loss 
of  weight — which  probably  only  represented  more  complete 
evacuation  in  relation  to  the  food  consumed — indicated  more  of 
tendency  to  excess  of  nitrogen  in  the  excrements  compared 
with  that  in  the  food.  In  experiments  in  1860-61,  also  with 
two  bullocks,  Henneberg  found,  this  time  over  six-day  instead  of 
three-day  periods,  deficits  of  nitrogen  in  the  excrements  corre- 
sponding to  the  following  percentages  of  the  amounts  supplied  in 

>  Beitrdge  tvr  Begriindnng  evner  rationeUen  FUtterung  der  Wiederkiiuer, 
H«ft  1, 1860. 
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the  food— 35,  37,  21,  12,  10,  0.  It  may  be  observed  that  the 
percentage  of  loss  was,  upon  the  whole,  the  greater  with  the 
larger  amounts  of  nitrogen  in  the  food.  Later  resnlts  oif 
Henneberg  will  be  referred  to  further  on. 

In  none  of  the  foregoing  experiments,  either  by  Boussingault, 
at  Bothamsted,  or  by  Henneberg,  was  any  litter  used,  the 
excrements  being  collected  and  analysed  by  themselves. 

In  1851  we  made  experiments  with  oxen,  at  Wobum  Park 
Farm,  by  the  permission  of  the  Duke  of  Bedford.  In  the 
experiment,  the  results  of  which  are  given  below,  there  were  five 
Herefords,  each  in  a  separate  box,  and  the  experimental  period 
extended  over  thirty-five  days.  Liberal  fattening  food  was  given, 
consisting  of  a  cooked  mixture  of  equal  parts  of  ground  oil- 
cake, barley,  and  beans,  besides  clover-hay-chafi*,  and  swedes. 
The  litter  consisted  of  wheat-straw;  and  an  absorbent,  com- 
posed of  2  parts  sawdust  and  1  pant  sulphuric  acid,  was 
used ;  a  small  quantity  being  daily  sprinkled  over  the  manure 
in  the  boxes  just  before  spreading  the  fresh  litter.  At  the  end 
of  the  experiment  the  whole  of  the  dung  was  got  out,  put  into 
a  large  shed,  turned  over  by  men,  pulled  to  pieces  by  boys,  and 
thoroughly  mixed ;  and  in  that  state  it  was  weighed,  and 
several  separate  100-lb.  samples  were  taken,  each  being  put  into 
a  clean  cask,  in  which  state  the  samples  were  sent  to  Bothamsted 
for  analysis.  In  the  preparation  for  analysis,  the  whole  of  the 
100-lb.  sample  was  coarsely  ground,  then  divided  into  portions, 
one  or  more  of  which  was  finely  ground  for  analysis,  and  in  the 
sample  so  prepared  the  nitrogen  was  determined  by  the  soda- 
lime  method.  It  was  so  determined  separately  in  samples  from 
two  of  the  100-lb.  casks.  Deducting  the  amount  of  nitrogen  in 
the  increase  (reckoning  it  to  contain  1*27  per  cent.),  there 
was  a  deficiency  of  nitrogen  in  the  dung,  compared  with  that  in 
the  food  and  litter — according  to  one  100-lb.  sample,  of  8*03, 
and  to  the  other,  or  duplicate  one,  of  10*55  per  cent. 

Such,  then,  were  the  results  of  the  earlier  experiments, 
made  by  various  investigators,  to  determine  whether  or  not 
there  was  any  loss  of  nitrogen  in  the  feeding  of  animals  beyond 
that  stored  up  in  their  increase.  It  will  be  observed  that,  with 
the  exception  of  the  turtle-doves  experimented  upon  by 
Boussingault,  all  the  other  results  were  obtained  with  the 
animals  of  the  farm ;  and  in  all  cases,  excepting  those  of  the 
experiments  at  Bothamsted  with  pigs  and  with  sheep,  and  at 
Wobum  with  oxen,  the  animals  were  assumed  to  be  fed  on  only 
sustenance  rations,  and  no  allowance  was  made  in  the  calcula- 
tions for  any  increase  or  loss  in  their  weight.  It  has  been  seen 
that,  in  every  case  excepting  in  the  experiment  with  Henne- 
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berg's  Ox  No.  2,  and  in  the  experiments  at  Bothamsted  with 
pigs  in  1862,  the  figures  indicate  a  notable,  and  in  some  a  very 
considerable,  loss  of  nitrogen ;  which,  assuming  it  to  be  not 
explained  by  storing  up  of  nitrogen  in  the  animal,  or  deficient 
evacuation,  might  be  supposed  to  point  to  a  probable  loss  by 
respiration,  or  perspiration,  or  both. 

From  a  study  in  much  detail  of  the  direct  experiments  on 
respiration  and  perspiration  which  have  been  referred  to,  we 
ourselves  have  been  disposed  to  conclude  that  there  was  no 
material  exhalation  of  either  free  nitrogen  or  of  its  com- 
pounds. Further,  notwithstanding  our  own  early  results 
with  pigs,  those  with  sheep,  and  those  at  Wobum  with  oxen, 
all  indicated  more  or  less — and  sometimes  a  considerable — loss, 
the  observations  made  during  the  conduct  of  the  investigations 
so  fully  impressed  us  with  tiie  liability  to  error,  especially  on 
the  side  of  loss,  that  -we  have  always  considered  it  doubtful 
whether  there  was  in  reality  any  material  loss  at  all.  In  the 
first  place,  there  is  the  uncertainty  in  the  estimation  of  the 
changes  in  the  weight  of  the  body — whether  to  attribute  them 
to  increase  or  loss  of  its  fixed  substance,  or  to  excess  or  defici- 
ency in  the  evacuations  in  relation  to  the  food  consumed  within 
the  period  of  experiment ;  and  there  are,  besides,  great  difficul- 
ties to  be  overcome,  both  in  the  complete  collection,  the  proper 
sampling,  and  the  preparation,  without  change,  of  tiie  excreted 
matters ;  and  there  are  also  special  difficulties  in  the  adapta- 
tion of  analytical  methods  to  secure  exact  representative 
results.  Indeed,  most  of  the  results  so  far  quoted,  whether  of 
ourselves  or  others,  must  be  looked  upon  as  little  more  than 
pioneer;  though,  taken  as  such,  the  experience  gained  has 
proved  to  be  of  essential  value  in  directing  attention  to  the  diffi- 
culties and  sources  of  error  incident  to  such  work,  and  to  the 
improvement  in  methods  of  collection,  sampling,  preparation, 
and  analysis. 

For  ourselves,  being  satisfied  that  much,  if  not  the  whole,  of 
the  losses  that  had  been  indicated  was  to  be  explained  by  the 
methods  of  experimenting,  and  being  very  fully  occupied  with 
other  subjects,  we  decided,  after  oiur  experiments  with  pigs  in 
1 862,  not  to  devote  the  very  great  amount  of  time  and  labour  that 
would  be  involved  in  the  repetition  of  the  investigation  with 
still  further  precautions. 

In  Germany,  however,  Henneberg  and  his  colleagues  (G. 
KUhn,  H.  Schultze,  and  B.  Schults),  at  Weende,  as  well  as  others, 
continued  to  work  on  the  subject  with  the  animals  of  the  £urm. 
Henneberg  ^   pointed   out  that  the   experiments  of  Bischofi 

»  Neue  Beiirage,  Gdttlngen,  I.,  373-376, 1872. 
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and  Voit  with  dogs  in  1859,*  of  Ranke  with  man  in  1 860-1 ,« 
of  Voit  with  pigeons  in  1860-2,'  and  of  Pettenkofer  and  Voit 
with  man/  diowed  almost  complete  re-appearanoe  of  the 
nitrogen  of  the  food  in  the  solid  and  liquid  excretions  ;  and,  if 
this  were  the  case  with  camivora  and  omnivora,  there  seemed 
no  reason  why  it  should  not  be  so  with  herbivora.  He  further 
pointed  out  how  small  an  actual  loss  or  gain  in  the  determined 
amount  of  nitrogen  in  the  faaces  or  the  urine  might  make  a 
great  difference  in  the  balance;  and  he  admitted  that  more 
attention  than  had  hitherto  been  given  to  certain  points  must 
in  future  be  devoted;  as,  for  instance,  to  the  rinsing  and 
washing  of  the  stalls,  and  to  the  determination  of  the  dry 
matter  in  the  food,  faeces,  and  urine,  more  frequently,  and  uni- 
formly throughout  the  experimental  period. 

In  the  Weende  experiments  of  1865,  and  subsequently, 
more  attention  was  paid  to  such  points,  and  the  periods  of 
exact  experiment  were  longer.  There  was,  accordingly,  great 
improvement  in  the  results.  Thus,  in  a  series  of  8  experiments 
with  oxen,  in  5  with  only  sustenance  or  maintenance  rations, 
the  result  was  that,  in  three  of  them  the  percentage  deficit  of 
nitrogen  in  the  excrements  compared  with  that  in  &e  food  was 
0  4,  2*7,  and  2*2;  whilst  in  the  other  two  there  was  a  gain 
representing  0*8  and  3*7  per  cent.  In  the  three  other  experi- 
ments, fattening  food  containing  about  twice  as  much  nitrogen 
was  given,  and  in  these  the  deficits  in  the  excrements  were  12*1, 
12*0,  and  17*7  per  cent,  of  the  nitrogen  in  the  food.  Henne- 
berg  concluded  that,  with  only  sustenance  rations,  the  whole  of 
the  nitrogen  of  the  food  of  oxen  reappeared  in  the  excrements, 
and  that  it  was  no  longer  necessary  to  infer  fix>m  the  results 
obtained  with  other  animals  what  would  take  place  with  rumi- 
nants. 

Henneberg  also  quotes  results  ^  obtained  with  cows  by  Voit 
at  Munich,  by  6.  Kuhn  and  Fleischer  at  Mockem,  and  by 
Fleischer  at  Hohenheim.  Voit's  results,  obtained  in  1867, 
showed  a  deficit  of  nitrogen  in  the  milk,  faeces,  and  urine, 
representing  1*2  per  cent,  of  that  in  the  food.  In  8  experi- 
ments made  at  M5ckem  in  1867-8  with  cows,  six  showed 
respectively  losses  corresponding  to  2*9,  11*1,  3-8,  5*6,  16*4, 
and  7  0  per  cent,  of  the  nitrogen  in  the  food ;  and  the  other 

*  Die  Oetetze  der  Emuhrung  det  Fleitc^fretters,  Leipzig,  1860. 

'  Archiv  fur  anat.  phyt,  und  mtsentchqftliche  Medicin,  Leipzig,  1862, 
p.  811. 

*  AnnaUn,  II.  Bappl.  p.  238, 1862. 

*  ZeiU.  f.  Biol,  II.  p»  459. 

»  New  Btiirdge,  Heft  I.,  p.  388, 1872. 
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two  showed  gains  corresponding  to  1*2  and  4'8  per  cent.  In 
the  case  of  the  larger  losses  more  nitrogen  was  consumed  in 
the  food,  and  the  animals  gained  in  weight,  and  presumably 
stored  up  nitrogen.  At  Hohenheim,  in  1870,  experiments  were 
made  by  Fleischer  with  two  cows,  one  of  which  showed  a  loss  of 
0-3,  and  the  other  a  gain  of  0'6,  per  cent,  of  nitrogen  compared 
with  that  in  the  food. 

Experiments  were  also  made  with  sheep,  by  Maercker  and 
E.  Schulze,  at  Weende,*  which  confirmed  the  conclusions  drawn 
firom  those  with  oxen  and  cows  as  above,  as  also  did  others 
made  by  Stohmann  with  goats  ^  at  the  Halle  experimental 

station. 

We  will  conclude  the  citation  of  experimental  evidence  on  the 
point  by  reference  to  some  of  the  results  obtained  by  Voit  from 
1859  to  1868  with  dogs.*  In  none  of  these  cases  was  the 
period  of  exact  experiment  less  than  6  days,  whilst  in  some  it 
was  12,  14,  20,  28,  49,  and  even  58  days.  In  8  out  of  the  11 
cases  there  was  an  excess  of  nitrogen  in  the  excrements  com- 
pared with  that  in  the  food,  representing  the  following  percent- 
ages of  gain  on  that  in  the  food— I'O,  07,  04,  0-4,  0-6,  0-3, 
0-1  and  0-1 ;  whilst  the  deficits  represented  1*4,  and  0*3  per 
cent.,  and  one  experiment  showed  neither  gain  nor  loss. 

Since  the  publication  of  the  various  results  above  quoted 
there  has  been  little  doubt  entertained  that,  not  only  in  the  case 
of  carnivora  and  omnivora,  but  also  in  that  of  herbivora,  and 
even  of  ruminants,  practically  the  whole  of  the  nitrogen  of  the 
food  which  does  not  contribute  to  animal  increase  or  to  milk, 
reappears  in  the  excrements. 

In  our  estimates  of  the  value  of  the  manure  from  the  con- 
sumption of  difierent  foods  by  animals  on  the  farm,  so  far  as  the 
nitrogen  was  concerned,  we  many  years  ago  deducted  10  per 
cent,  from  the  amounts  consumed  in  oilcakes  and  leguminous 
seeds,  which  contain  high  percentages  of  nitrogen,  and  15  per 
cent,  from  the  amounts  in  the  foods  which  contain  lower  per- 
centages. These  deductions  were  reckoned  to  include  the 
amounts  of  nitrogen  actually  stored  up  in  the  increase  of  live- 
weight,  and  also  some  little  loss  if  any,  but  not  to  cover  the 
larger  losses  that  may  take  place  in  the  manure  after  it  is 
voided  by  the  animals.  More  recently,  however,  we  have  esti- 
mated the  amount  actually  stored  up  in  the  animal,  and  have 


>  Journ.f.  Landw,  1870  and  1871 ;  Armflbj,  Mdntial  of  Cattle-feeding,  Srd 
ed.,  1887,  pp.  99-100. 

«  ZeiU.f.  Biol.,  1870,  p  204;  Armsby,  loe.  eit.,  pp.  100-101. 

•  Bisohoff  and  Voit,  Die  €heet»e  der  ErrULkmng  dei  Flei»chfret9er$,  1860 ; 
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assnmed  the  whole  of  the  remainder  to  be  voided  in  the  solid 
and  liquid  excretions. 

For  details  on  the  point  we  must  refer  to  onr  most  recent 
paper  bearing  upon  the  subject,  entitled — On  the  Valuation  of 
Unexhausted  Manwres}  The  calculations  relate  to  the  use  of 
food  for  the  production  of  fattening  increase.  It  is  assumed 
that,  on  the  average,  such  increase  will  contain  8  per  cent,  of 
nitrogenous  substance,  corresponding  to  1*27  per  cent,  of  nitro- 
gen in  the  increase.  According  to  the  calculations  it  results 
that,  of  the  total  nitrogen  consumed  in  foods  rich  in  that  sub- 
stance, such  as  oilcakes  and  leguminous  seeds,  there  will  gene- 
rally be  less  than  5  per  cent,  retained  in  the  fattening  increase 
in  live-weight.  In  the  case  of  the  cereal  grains,  on  the  other 
hand,  which  are  much  less  rich  in  nitrogen,  a  much  larger  pro- 
portion of  the  total  amount  consumed  will  be  retained  in  the 
increase — generally  perhaps  about  10  per  cent,  of  it.  Of  the 
nitrogen  in  gramineous  straws  a  still  higher  proportion  will 
probably  be  devoted  to  increase ;  whilst  rooks  will,  on  the  aver- 
age, lose  by  feeding  perhaps  only  about  5  or  6  per  cent,  of  their 
nitrogen. 

Thus,  when  &ttening  increase  only  is  produced,  the  propor- 
tion of  the  nitrogen  of  the  food  which  will  be  retained  by  the 
animal,  and  so  lost  to  the  manure,  is  very  small  in  the  case  of 
the  richer  foods,  but  more  in  that  of  the  poorer  ones  ;  though,  even 
with  them,  it  will  seldom  exceed  10  per  cent.,  except  possibly  in 
the  case  of  straws.  It  may  be  assumed,  however,  that  when  foods 
are  consumed  by  store  animals,  whose  increase  is  largely  growth, 
about  twice  as  much  of  the  nitrogen  of  the  food  is  retained,  and 
so  lost  to  the  manure.  And  when,  as  is  more  and  more  the 
case  with  early  maturity,  the  increase  comprises  a  larger  pro- 
portion of  growth  than  in  mere  fattening,  the  amount  of  the 
nitrogen  of  the  food  which  will  be  lost  to  the  manure  will  be 
more  than  with  fattening  only,  but  less  than  with  merely  store 
animals.  When,  however,  food  is  consumed  for  the  production 
of  milk,  a  very  much  greater  proportion  of  its  nitrogen  wi]l  be 
lost  to  the  manure. 

Food  and  the  Exekcise  of  Force. 

We  now  come  to  the  last  branch  of  our  subject,  namely — 
The  Feeding  of  Animals  for  the  Exercise  of  Force.  With  the  very 
limited  space  still  left  at  our  disposal,  we  wiQ  commence  our 
historical  sketch  with  a  brief  account  of  the  views  of  Liebig  aa 

>  Journal,  R.A.S.B.,  vol.  xxi.,  S.  8.,  Part  II.,  1886. 
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first  pat  forward  in  1842,  in  his  work — On  Organic  Ghemisiry 
in  its  Applications  to  Physiology  and  Pathology.  There  is  indeed 
a  special  appropriateness  in  so  doing,  since  there  can  be  no  doabt 
that  the  course  of  subsequent  inquiry  and  discussion  has  been 
materially  influenced  by  the  opinions  he  then  enunciated. 

The  following  quotations  from  the  above-mentioned  work 
will  suffice  to  indicate  his  more  specific  views  in  r^ard  to  the 
connexion  between  food  requirements  and  the  exercise  of 
force : — 

"  As  an  immediate  effect  of  the  manifedtation  of  mechanical  force,  we 
see,  that  a  part  of  the  muscular  suhstance  loses  its  Tital  properties,  its 
character  of  life ;  that  this  portion  separates  from  the  living  mot,  and  losee 
its  capacity  of  gprowth  and  its  power  of  resistance.  We  nnd  that  this 
change  of  properties  is  accompanied  hy  the  entrance  of  a  foreign  hody  (oxy- 
gen) into  the  composition  of  the  muscular  fihre  (just  as  the  acid  lost  its 
chemical  character  by  combining  with  zinc)  ;  and  all  erperience  proves,  that 
this  conversion  of  living  muscular  fibre  into  compounds  destitute  of  vitality 
is  accelerated  or  retarded  according  to  the  amount  of  force  employed  to 
produce  motion.  Nay,  it  may  safely  be  affirmed^  that  they  are  mutually 
proportional ;  that  a  rapid  transformation  of  muscular  fibre,  or,  as  it  may 
be  called,  a  rapid  change  of  matter,  determines  a  greater  amount  of  mechani- 
cal force ;  and  conversely,  that  a  greater  amount  uf  mechanical  motion  (of 
jnechanical  force  expended  in  motion)  determines  a  more  rapid  change  of 
matter ''  (pp.  220-1). 

And  again : — 

"  The  amount  of  azotised  food  necessary  to  restore  the  equilibrium  between 
waste  and  supply  is  directly  proportional  to  the  amount  of  tissues  metamor- 
phosed.^ 

"  The  amount  of  living  matter,  which  in  the  body  loses  the  condition  of 
life,  is,  in  equal  temperatures,  directly  proportional  to  the  mechimical  efiects 
produced  in  a  given  time." 

''  The  amount  of  tissue  metamorphosed  in  a  given  time  may  be  measured 
by  the  quantity  of  nitrogen  in  the  urine.'' 

"  The  sum  of  the  mechanical  effects  produced  in  two  individuals,  in  the 
same  temperature,  is  proportional  to  the  amount  of  nitrogen  in  their  urine ; 
whether  the  mechanical  force  has  been  employed  in  voluntary  or  involun- 
tary motions,  whether  it  has  been  consumed  by  the  limbs,  or  by  the  heart 
and  other  viscera  "  (p.  245). 

Buch,  in  fact,  were  the  views  in  regard  to  the  special 
exigencies  of  the  system  in  the  exercise  of  force  which  became 
at  once  identified  with  Liebig's  name,  and  continued  to  be  so 
identified  for  many  years.  Thus,  Professor  Frankland,  in  his 
lecture  at  the  Royal  Institution  in  1866,*  on  the  experiments  of 
Pick  and  Wislicenus,^  refers  to  these  views  of  liebig  as  having, 
up  to  that  time,  been  pretty  generally  adopted  by  text-book 
writers. 

>  Joiirn.  P.  Tmt.,  1R66. 
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The  results  of  our  own  feeding  experiments,  which  were 
commenced  some  years  after  the  appearance  of  Liebig's  work, 
being  apparently  inconsistent  with  the  then  current  views  on 
some  important  points,  we  were  led  at  once  to  tnm  attention 
to  the  subject  df  human  dietaries ;  and  also  to  a  consideration 
of  the  management  of  the  animal  body  undergoing  somewhat 
excessiye  labour,  as,  for  instance,  the  hunting-horse,  the  racer, 
the  cabhorse,  the  foxhound,  and  also  pugilists  and  runners. 
The  conclusions  to  which  we  were  led  by  this  study  were  briefly 
summarised  in  a  paper  published  in  the  Report  of  the  British 
Association  for  the  Advancement  of  Science  for  1 852,  as  follows : — 

<'....  that  in  the  cases,  at  least  of  ordmary  exercise  of  force,  the  exigencies 
of  the  respiratory  system  keep  pace  more  nearly  with  the  demand  for 
nitrogenous  constituents  of  food  than  is  usually  supposed ; " 

And  further : — 

''  A  somewhat  concentrated  supply  of  nitrogen  does,  however,  in  some 
eases,  seem  to  be  required  when  the  system  is  overtaxed ;  as,  for  instance, 
when  day  by  day  more  labour  is  demanded  of  the  animal  bodv  than  it  is 
competent  without  deterioration  to  keep  up;  and  perhaps  also,  in  the 
human  body,  when  under  excitement  or  excessive  mental  exercise.  It  must 
be  remembered,  however,  that  it  is  in  butcher's  meat,  to  which  is  attributed 
such  high  flesh-forming  capacity,  that  we  have  also,  in  the  fat  which  it 
contains,  a  large  proportion  of  respiratory  material  of  the  most  concentrated 
kind.  It  is  founa  too,  that  of  the  dry  substance  of  the  efffff  40  per  cent,  is 
pure  fat." 

"  A  consideration  of  the  habits  of  those  of  the  labouring  classes  who  are 
under-  rather. than  over-fed,  will  show  that  they  first  have  recourse  to  fat 
meat,  such  as  pork,  rather  than  to  those  which  are  leaner  and  more  nitro- 
genous*, thus  perhaps  indicating,  that  the  first  instinctive  call  is  for  an 
increase  of  the  respiratory  constituents  of  food.  It  cannot  be  doubted, 
however,  that  the  hi^er  classes  do  consume  a  larger  proportion  of  the  leaner 
meats ;  though  it  is  probable,  as  we  have  said,  that  even  with  these  as  well 
as  pork,  more  fat,  possessing  a  higher  respiratory  capacity  than  any  other 
constituent  of  fooa,  is  taken  into  the  system  tnan  is  generally  imagined. 
Fat  and  butter,  indeed,  may  be  said  to  have  about  twice  and  a  half  the 
respiratory  capacity  of  starcli,  sugar,  &c.  It  should  be  remembered,  too, 
that  the  classes  which  consume  most  of  the  leaner  meats,  are  also  those  which 
consume  the  most  butter,  sugar,  and  in  many  cases,  alcoholic  drinks  also.** 

"  It  is  further  worthy  of  remark,  that  wherever  labour  is  expended  in  the 
manufacture  of  staple  articles  of  food,  it  has  generally  fi)r  its  object  the 
concentration  of  the  non-nitrogenous,  or  more  peculiarly  respiratory  con- 
stituents. Sugar,  butter,  and  alcoholic  drinks  are  notable  instances  of  this. 
Cheese,  which  at  first  sight  might  appear  an  exception,  is  in  reality  not  so ; 
for  those  cheeses  which  bring  the  highest  price  are  always  those  which 
contain  liie  most  butter ;  whilst  butter  itself  is  always  dearer  than  cheese." 

'*  In  conclusion,  it  must  by  no  means  be  understood  that  we  would  in  any 
way  depreciate  the  value  of  even  a  somewhat  liberal  amount  of  nitroffen  in 
food.  We  believe,  however,  that  on  the  current  views  too  high  a  relative 
importance  is  attached  to  it ;  and  that  it  would  conduce  to  further  progress 
in  this  most  important  field  of  inquiry  if  the  prevailing  opinions  on  the 
subject  were  somewhat  modified.'^ 

g2    . 
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It  is  to  be  borne  in  mind,  that  at  the  time  these  opiiuonB 
were  pat  forward,  now  more  than  forty  years  ago,  the  views 
expressed  were  directly  contrary  to  all  recognised  authority  on 
the  subject ;  and  that  it  is  since  that  date  that  so  much  evidence 
has  been  accumulated,  as  to  the  amounts  of  urea,«and  of  carbonic 
acid,  given  off  under  varied  conditions  as  to  food  and  exercise. 
Still,  from  the  facts  already  at  conmiand,  it  was  concluded  that 
the  increased  demand  for  food  resulting  firom  the  exerdse  of 
muscular  power  was  specially  characterised  by  the  requirement 
for  an  enhanced  amount  of  the  non*nitrogenous  constituents. 

C!onfirmatory  evidence  was,  however,  not  long  wanting. 
Thus,  in  1854,  we  selected  two  pigs  as  nearly  as  possible  of 
equal  weight  and  character ;  to  one  was  given,  ad  UbUum^  lentil- 
meal  (containing  about  4  per  cent,  of  nitrogen),  and  to  the 
other,  also  ad  Itbitumy  barley-meal  (containing  less  than  2  per 
cent.).  Each  animal  was  kept  in  a  firame,  with  arrangements 
for  collecting  the  faeces  and  urine  separately,  as  already  described. 
After  they  had  been  kept  for  a  certain  time  on  their  respective 
foods,  one  comparative  experiment  was  conducted  for  three  days, 
and  later  on  another  for  ten  days.  The  weights  of  the  animals 
were  taken  at  the  beginning  and  at  the  end  of  each  experiment ; 
and,  besides  other  particulars,  the  amounts  of  nitrogen  con- 
sumed in  the  food,  and  of  urea  voided,  were  determined.  The 
results  are  summarised  in  the  following  table : — 

Table  XI. — Experiments  at  Bothamsted  unth  Pigs. 

June-Avjgust  1854. 

Quantities  per  head  per  day. 


Periods 

Daye 
3 
3 

10 
10 


Foods 


Nitrogen  in 
food 


No.  1,  Lentil-meal 
No.  2,  Barley-meal 

No.  1,  Lentil-meal 
No.  2,  Barley-meal 


GraniB 

1230 

58*9 

120-6 
51-2 


Urea  voided    i  Ureasnitrogen 


Orama 

134-0 

61-5 

1410 
621 


Onins 
62-6 

28-7 

66-8 
243 


The  result  was,  then,  that  with  exactly  equal  conditions  as 
to  exercise,  both  animals  being  in  fact  at  rest,  the  amount  of 
urea  passed  by  the  one  feeding  on  the  highly  nitrogenous  lentil- 
meal  was,  in  each  case,  more  &an  twice  as  great  as  that  voided 
by  the  one  fed  on  the  barley-meal,  supplying  less  than  half  the 
amount  of  nitrogen. 

It  was  clear,  therefore,  that  the  rule  laid  down  by  Liebig, 
and  so  long  generally  adopted  by  others,  did  not  hold  good, 
namely,  that — '^  The  sum  of  the  mechanical  effects  produced  in 
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two  individuals  in  the  same  temperature  is  proportional  to  the 
amount  of  nitrogen  in  their  urine;  whether  the  mechanical 
force  has  been  employed  in  voluntary  or  involuntary  motionSy 
whether  it  has  been  consumed  by  the  limbs  or  by  the  heart 
and  other  viscera" — unless,  indeed,  as  has  been  assumed  by 
some  experimenters,  that  there  is,  with  an  increase  of  nitrogenous 
substance  in  the  food,  an  increased  amount  of  mechanical  force 
employed  in  the  '^  involuntary  motions  "  sufficient  to  account  for 
the  increased  amount  of  urea  voided. 

It  was  at  any  rate  obvious  that,  if  the  amount  of  urea 
voided  by  one  animal  at  rest  could  be  more  than  twice  as 
great  as  that  voided  by  a  similar  animal  also  at  rest,  and 
under  otherwise  equal  conditions,  provided  only  that  the  food  of 
the  one  contained  more  than  twice  as  much  nitrogen  as  that  of 
the  other,  the  amount  of  urea  passed  could  not  be  any  measure 
of  the  amount  of  muscular  power  exerted. 

The  subject  was  taken  up  again  at  Bothamsted  in  1862, 
and  accordant  results  were  obtained  as  follows : — 

Table  XII. — Experiments  cU  Bothamsted  vdth  Pigs, 

August-September  1862. 

Quantities  per  head  per  day. 


Period 

Foods 

Nitrogen  in 
food 

Urea  voided 

Ureas  nitrogen 

Days 
10 
10 

6 
5 

No.  1.  Barley  and  bran 
No.  2.  Beans  and  bran 

No.  1.  Barley  and  bran 
No.  2.  Beans  and  bran 

grams 
41-6 
660 

46-2 
82-6 

grains 
48-6 
89-6 

62-3 
116-6 

grains 
20-4 
41-8 

24*4 
64-4 

Not  long  after  the  publication  of  our  views  in  1862,  and  the 
experiments  with  pigs  in  1854,  with  the  results  of  which  he  was 
acquainted,  the  late  Dr.  Edward  Smith  instituted  experiments 
to  determine  the  amounts  of  carbonic  acid  exhaled  in  respira- 
tion under  various  conditions  as  to  muscular  exercise.  His 
results  were  published  in  a  paper  presented  to  the  Royal 
Society  on  December  16,  1858.^  He  records  the  quantities 
of  carbonic  acid  exhaled  in  grains  per  minute,  and  these 
we  have  calculated  into  grams  per  hour,   and  so  give  them 

below  : —  Oarbonio  acid, 

grains  per  1 

During  light  sleep 19*2 

Lying  down,  scarcely  awake 23*0 

Sittinip  quietly 88*1 

Walking  two  milee  per  hour                     .      '  .  70*4 

WaUduff  three  miles  per  hour 100*4 

On  treadwheel,  aacendhig  28*65  ft.  per  minute  .  180*2 

^  Phih  Trans.  1859,  toL  czlix.  pp.  681-742. 
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There  was,  therefore,  very  greatly  increased  exhalation  of 
carbonic  acid  with  increased  muscular  exercise. 

Dr.  E.  Smith  also  conducted  experiments  on  the  amonnta  of 
urea  eliminated  under  different  conditions,  both  as  to  food  and 
exercise.  The  investigation  was  commenced  in  January  1860, 
and  continued  up  to  March  1862,  a  period  of  two  years  and  two 
months.  These  results  were  also  published  in  a  paper  in  the 
Philosophical  Transactions  of  the  Royal  Society.^  The  general 
result  was,  that  there  was  great  variation  in  the  amount  of  urea 
passed  when  there  was  concurrent  variation  in  the  amount  of 
nitrogenous  substance  in  the  food ;  but,  on  the  other  hand, 
comparatively  little  variation  in  the  amount  of  urea  voided, 
with  great  variation  in  the  amount  of  labour  performed. 

Thus,  then,  Dr.  Smith's  results,  both  those  showing  the 
amounts  of  carbonic  acid  exhaled,  and  those  relating  to  the 
amounts  of  urea  voided,  fully  confirmed  the  view  that  with 
muscular  exertion  there  was  marked  increase  in  the  demand 
for  the  non-nitrogenous,  and  but  little  if  any  in  that  for  the 
nitrogenous,  constituents  of  food. 

Experiments  made  by  Bischoff  and  Yoit  in  1858  and 
1859  ^  with  a  dog,  either  submitted  to  hunger,  or  fed  from 
time  to  time  on  foods  containing  very  different  amounts  of 
nitrogenous  substance,  showed  very  variable  amounts  of  urea 
voided,  although  tiie  animal  was  kept  under  equal  conditions  a3 
to  exercise.  Still,  on  the  publication  of  their  results  in  1860, 
the  authors  assumed,  that  although  there  had  been  no  greater 
exercise  of  force  manifested  in  t£e  form  of  external  work,  yet 
when  the  amount  of  nitrogenous  substance  in  the  food  was 
greater,  and  the  amount  of  urea  voided  correspondingly 
greater,  there  must  have  been  a  corresponding  increase  in 
the  force  exercised  in  the  conduct  of  the  actions  within  the  body, 
in  connexion  with  the  disposition  of  the  increased  amount  of 
nitrogenous  substance  consumed;  so  that,  after  all,  the 
amount  of  urea  eliminated  was  a  measure  of  the  exercise 
of  force,  though  not  in  the  voluntary  exercise  of  muscular 
power. 

One  of  us  being  in  Germany  in  the  summer  of  1860,  and  visit- 
ing Munich,  had  some  conversation  with  Professor  Voit  on  the 
subject  of  their  results  and  conclusions.  Referring  to  our  own 
results  obtained  in  1854  with  pigs,  it  was  pointed  out  that  they 
were  entirely  consistent  with  fiiose  which  he  and  Professor 
Bischoff  had  obtained  with  a  dog,  but  that  we  had  drawn  very 

»  Phil,  Trans.,  1861,  vol.  di.  pp.  747-884. 

*  Die  Oesetu  der  lik^ahrtmg  des  IJeiiekfi^euen,  1860. 
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different  conclusions  from  them.     He  conveyed  the  impression, 
however,  that  he  considered  we  were  entirely  in  error. 

Later  in  the  same  year,  however,  Voit  published^  the 
results  of  further  experiments  with  a  dog.  In  these,  he  sub- 
mitted the  animal  to  alternate  rest  and  labour,  sometimes 
fasting,  sometimes  with  a  moderate,  and  sometimes  with  a 
liberal  supply  of  nitrogenous  sybstance  in  food.  The  labour 
consisted  of  working  in  a  kind  of  treadwheel.  He  found  that 
the  amount  of  urea  eliminated  was  not  in  proportion  to  the  ex- 
ercise offeree,  but  was  very  nearly  proportional  to  the  amount 
of  nitrogenous  substance  consumed.  He  considered  that  by 
such  a  result  the  views  which  he  and  others  had  maintained  as 
to  the  connexion  between  the  exercise  of  force,  the  degradation 
of  nitrogenous  substance  within  the  body,  and  the  elimination 
of  urea,  were  completely  overturned. 

In  1862  Pettenkofer  and  Voit  published  a  paper  *  giving  the 
results  of  experiments  made  with  a  dog  in  1861  and  1862,  in 
which  the  food  consumed,  the  amount  of  urea  voided,  and  the 
quantity  of  carbonic  acid  given  off  by  the  lungs  and  skin,  were 
determined ;  the  latter  in  Pettenkofer's  respiration  apparatus. 
These  experiments  were  more  or  less  preliminary,  and  during 
their  conduct  the  animal  was  not  submitted  to  any  labour. 

Subsequently,  Pettenkofer  and  Voit  made  experiments  in 
which  they  determined  both  the  nitrogen  in  the  urine,  and  the 
carbonic  acid  evolved,  not  only  in  rest  but  in  work ;  sometimes 
fasting,  and  sometimes  with  food.  Their  results  were  published 
in  1866,  in  the  Zeitsehrift  fur  Biologie.  The  following  table 
gives  average  results  for  twenty-four  hours,  in  experiments 
made  with  a  man,  with  the  aid  of  Pettenkofer's  respiration 
apparatus : — 

Table  XIII. 


1 

Kltrogen  In  Urine 

Oarbonio  acid 

exhaled 

IN  HUNGER. 

In  rest 
In  work  . 

- 

grami 
12-89 
12-26 

716 
1,187 

t 

WITH  MODERATE   DIET. 

In  re9t    

In  work 

1701 
17-33 

928 
1.209 

1  VfUerntehungen    iiber   den    Ei^fl%iu  des   ICoehgalzeSf  Kaffeez  und  d&r 
Mu»kelhewegv/niien  atif  den  Stoffweohiel,  1%^, 

*  Ann,  Chem,  Pharm.,  II.  Supplement- Band,  I.  Heft,  p.  62. 
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Thas,  not  only  was  there  no  increased  transformation  of 
nitrogenous  substance  by  the  exercise  of  force,  but  there  was  a 
very  greatly  increased  exhalation  of  carbonic  acid.  It  is  evi- 
dent, therefore,  that  in  the  exercise  of  force,  the  exigency  of 
the  system  is  specially  characterised  by  an  increased  demand  in 
the  food  for,  so  to  speak,  respiratory  material.  The  results  of 
Pettenkofer  and  Yoit  are  indeed  of  great  importance ;  but  in 
Germany  they  are  even  looked  upon  as  being  the  first  to  establish 
the  correct  view  on  the  subject. 

Abundant  further  confirmation  of  the  now  generally  accepted 
view  is  available,  and  it  will  be  of  interest  to  give  some  illustra- 
tions. 

In  1866  results  were  published  ^  as  to  the  amount  of  nitrogen 
excreted  before,  during,  and  after,  ascending  the  Faulhom,  by 
Professors  Fick  and  Wislicenus,  in  August  1865.  The  experi- 
menters took  an  ordinary  meal  at  mid&y  on  the  29th,  but  then 
only  starch,  fat,  and  sugar,  until  after  the  ascent,  which  com- 
menced early  the  next  morning.  The  following  is  a  summary  of 
the  resultd  so  far  as  they  relate  to  the  point  under  consideration : — 

Table  XIV, 


nitTDgBD 


Nitrogen  ez- 
cxetod  per 

hoar 
(arerage) 


FICK. 

grams 

grams 

grams 

Night  before  asoent 

12-4820 

6-8249 

6-9158 

0*63 

Daring  ascent . 

70330 

8-2681 

3-3130 

0-41 

After  asoent    .... 

51718 

2*4151 

2-4293 

0-40 

Night  after  asoent  . 

^— 

— 

4-8167 

0-46 

WI8LICBNU8. 


Night  before  asoent 
Boring  ascent . 
After  ascent    . 
Night  after  asoent  » 


grams 

grams 

grams 

11-7614 

6-4887 

6-6841 

6-6973 

3-1264 

3-1336 

6-1020 

2-3809 

2-4166 

— 

— 

&-3462 

0-61 
0-39 
0-40 
0-61 


The  record  of  the  actual  quantities  is  sufficient  to  show  that 
much  less  nitrogen  was  excreted  by  both  experimenters  during, 
and  after,  than  before  the  ascent.  But  the  calculated  amounts 
of  nitrogen  excreted  per  hour  during  each  of  the  periods,  as 
given  in  the  last  column  of  the  table,  bring  the  main  results 
more  clearly  to  view.     It  is  seen  that,  on  the  average,  only 


>  PhU,  Mag,,  1866,  4th  Series,  vol.  zxzi.  pp.  486-608. 
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about  two-thirds  as  much  nitrogen  was  excreted  per  hour  during 
and  after  the  ascent,  as  prior  to  it,  when  there  would  be  more 
or  less  residue  in  the  system  from  the  last  albuminous  meal. 

The  above  results  of  Fick  and  Wislicenus  were  brought  for- 
ward by  Professor  Frankland,  in  a  lecture  which  he  gave  at  the 
Boyal  Institution  in  1866 — On  the  Source  of  Muscular  Power. 
He  subsequently  himself  made  numerous  calorimetrical  deter- 
minations of  the  energy  evolved  by  the  combustion  of  muscle, 
urea,  and  various  foods,  or  constituents  of  foods,  the  results  of 
which  were  published  in  a  paper — On  the  Origin  of  Muscular 
Power}  Stated  in  a  few  words,  his  main  conclusion  was,  that 
the  transformation  of  muscular  tissue  alone  cannot  account  for 
more  than  a  small  fraction  of  the  muscular  power  developed  by 
animals. 

Dr.  Oskar  Kellner,  who  was  one  of  Professor  Emil  von 
Wolff's  associates  in  numerous  investigations  with  animals  at 
Hohenheim,  made  experiments  there  with  a  horse  ^  from  June 
15  to  August  10,  1878.  The  daily  food  of  the  animal  consisted 
of  5  kilog.  meadow-hay,  6  kilog..  oats,  and  1*5  kilog.  wheat- 
Btraw-chi&  The  horse  was  made  to  go  different  distances,  and 
to  draw  different  weights,  the  draught  being  measured  by  a 
horse-dynamometer. 

The  following  is  a  summary  of  some  of  the  conditions  and 
results  of  the  experiments : — 


Table  XV. 


Experimentg 

Kmnberof 
days      j 

1 
1 

1 

6 

2 

10 

3 

14 

4 

12 

6 

14 

Live- weight 


Per  day 


Ulog. 
6341 
629*5 
522-6 
508-8 
5180 


Work  done,  kilo- 
grani'inetres 

kg.-m. 
476,000 
950,000 
1,425,000 
950,000 
475,000 


Urine  voided 


Nitrogen  In 
urine 


grams 
99-0 
109-3 
116-8 
110-2 
98-3 


In  reference  to  these  results,  which  certainly  do  show  an 
increased  excretion  of  nitrogen  with  increased  work  during  the 
second,  third,  and  fourth  periods,  as  compared  with  the  first  and 
fifth,  Kellner  considers  that  they  are  inconsistent  with  the  con- 
clusions of  Pettenkofer  and  Voit,  and  others,  which  connect 
muscular  action  more  exclusively  with  the  oxidation  of  non- 
nitrogenous  matters,  and  that  those  views  require  to  be  modified. 


>  Phil.  Mag.,  1866,  4th  Series,  toI.  xzxii.  pp.  182-199. 

*  Landwirthsehaftliche  JahrbUcher,  vol  viii.  part  y.  1879,  pp.  701-712. 
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At  the  same  time,  admitting  that  the  transformation  of  organic 
substance  is  to  be  considered  the  sonrce  of  mnscolar  power,  he 
considers  that,  in  the  first  line  comes  the  oxidation  of  non- 
nitrogenous  matters,  carbohydrates  and  fat ;  in  the  second,  the 
transformation  of  circulation-albumin ;  and  lastly,  that  of  the 
organised  albumin,  which  is  only  attacked  if  other  matters  are 
not  available  in  sufficient  quantity.  Further,  he  considers  it  is 
evident  that  the  increased  albumin  transformation  was  not  suffi- 
cient to  cover  the  requirements  of  the  increased  work,  and  that 
this  increased  transformation,  and  the  loss  of  body-weight,  show 
the  insufficiency  of  the  food,  and  of  the  available  fat  of  the  body. 

The  table,  in  fact,  does  show  that,  with  increased  work 
done,  there  was  decline  in  body-weight;  and,  assuming  with 
Kellner,  that  there  was  a  deficiency  of  food  and  of  body  fat, 
it  seems  probable  that  the  increased  elimination  of  nitrogen 
in  the  urine  is  the  necessary  coincident  of  real  dilapidation  of 
the  sjrstem.  It  is  obvious  that,  so  far  as  this  is  the  case,  the 
results  are  not  discordant  with  our  own  early  view  on  the 
subject,  since  fully  established  by  others.  These  results  of 
Kellner's  are,  indeed,  a  confirmation  of  the  view  we  put 
forward  in  1852,  that  ''A  somewhat  concentrated  supply  of 
nitrogen  does,  however,  in  some  cases,  seem  to  be  required  when 
the  system  is  overtaxed ;  as  for  instance  when,  day  by  day,  more 
labour  is  demanded  of  the  animal  body  than  it  is  competent 
without  deterioration  to  keep  up." 

In  1885  Grandeau  and  Leclerc  published  the  results  of  an 
experiment  with  a  horse '  of  which  the  following  is  a 
summary: — 

Nitrogen  in  urine  for  100  in  food 

Rest 62-4  per  cent.  _ 

Walking 67-7       „ 

Trotting 64-9       „ 

Drawing  ^^*"^fi^    ....    60-9       ., 
^^^^^\  Trotting    ....    59-2       ^ 

The  results  show,  over  the  first  three  experiments,  some,  but 
not  great,  variation  in  the  amount  of  nitrogen  eliminated  with 
exercise;  but  the  amounts  are  less  in  the  fourth  and  fifth 
experiments,  and  almost  identical  with  walking  and  trotting. 
Upon  the  whole,  there  is  no  evidence  of  direct  connexion 
between  the  amount  of  exercise  of  force  and  that  of  nitrc^n 
eliminated  in  the  urine. 

The  next  results  give  very  definite  evidence  as  to  the 
connexion  between  the  amount  of  carbonic  acid  exhaled,  and 
that  of  the  force  exercised.     The  experiments  were  made  with 

*  Aw9kale§  de  la  Science  Agranoniique,  1886,  2°"  ann6e,  tome  i.  p.  826. 
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a  hone,  by  Znntz  and  Leiimann,  in  1887  and  1888/  and  the 
aTerage  results  were  as  follows : — 

Carbonic  add  exhaled  per  hour  (average). 

With  Kask  With  TraohMl  OftnixU 

Bast       .                .    3-327  cubic  feet.  2-861  cable  feet. 

Work     .                 .  19-643    ..        „  17291 

After  work     .        .    4-662    „        ,.  3-899 


f» 


»f 


Thns,  then,  there  were  about  six  times  as  much  carbonic 
acid  exhaled  per  hour  during  work  as  in  rest ;  and  when  the 
work-  had  ceased,  there  was  very  great  reduction  in  the  amount 
of  carbonic  acid  given  off. 

The  following  resultsby  Professor  P.  Smith,  of  Aldershot,  were 
published  by  him  in  the  Jov/rnal  of  Physiology,^  in  1890  : — 


Table  XVI. 

1 

CArbonio  aoid  (00,)  expired  per  hour 

« 

Pony  (work, 
trotting) 

Horse  (work, 
galloping) 

Horse  (work, 
galloping) 

Rest 

Work 

After  work 

onbio  feet 
0-7648 
2-3954 
0-4631 

onbio  feet 

20-6265 
1-3138 

oublo  feet 

12-4353 
11693 

As  in  the  experiments  of  Zuntz  and  Lehmann,  quoted  above, 
the  great  increase  in  the  amount  of  carbonic  acid  exhaled  during 
work,  and  the  great  reduction  in  the  amount  after  the  cessation 
of  the  work,  are  heiB  again  clearly  illustrated. 

The  next  table  summarises  numerous  results,  by  Professor 
F.  Smith,  with  horses  at  different  paces  (loc,  dt.y  p.  77) : — 

Table  XVII. 


Rest     . 

Walking 

Trotting 

Cantering 

Galloping 


Ourbonio  aold  (00^)  expired  per  hour 


Series  A 


oubio  feet 
1-0282 
10972 
2-9482 
4-9169 

14-9726 


Series  B 


oublo  feet 
1-2346 
10586 
4-8309 
60060 


These  strictly  gradationary  results,  with  one  slight  exception, 
illustrate  more  clearly  still  the  greater  exhalation  of  carbonic 
acid  the  greater  the  exercise  of  force. 


^  Landm.  JahrbUoher  vol.  zviii.  1889  ,p.  1. 
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Tnming  from  the  foregoing  evidence  of  direct  experiment, 
indicating  the  characteristic  food  requirements  for  the  exerdae 
of  force,  it  will  be  of  interest  to  give  a  few  examples  of  the 
rations  adopted  as  the  joint  resnlt  of  direct  experiment  and  lai^ 
experience. 

On  p.  94  the  results  of  some  experiments  by  Grandeau  and 
Leclerc  with  a  horse  were  given,  showing  no  direct  connexion 
between  the  amount  of  force  exercised  and  that  of  nitrogen 
eliminated  in  the  urine.  Their  experiments  were  made  at  the 
establishment  of  the  Petites  Voitures  Company  in  Paris;  and 
the  following  table  gives  the  standard  daily  ration  of  the  horses 
at  the  time,  the  experimentally  determined  maintenance  ration, 
and  that  finally  adopted  for  work : — 

Table  XVIII. 


Batlon 

Beans 

1 
Oats 

lb. 
7-28 

H»be 

Maixe 
oake 

Hay 

Straw 

J 
1 
lb. 

209 

l\>talfood 

Total  diy 
6ub«tance 

Prefvioiis  . 

lb. 
1-64 

lb. 
6-84 

lb. 
106 

lb. 
8-84 

lb. 
21-10 

lb. 
18-14 

Maintenanoe,  No.  1 . 
Maintenance,  No.  2 . 

0-98 
0-84 

4-34 
3-91 

8-20 

2-88 

0-68 
0-67 

2-80 
2-07 

1-24 
112 

12-64 
11-89 

10-87 
9-79 

For  work 

1-39 

6-61 

4-81 

0-95 

3-46 

1-87 

18-99 

16-38 

It  seems  that  the  system  of  the  establishment  was  to  work 
the  horses  on  alternate  days ;  and  to  give  less  hay,  straw,  and 
maize,  but  more  oats  and  beans,  though  less  total  food^  on  the 
days  of  work.  The  figures  in  the  top  line,  representing  the 
"  Previous  "  ration,  are,  in  each  case,  the  means  of  the  two  days' 
ration.  The  '^  Maintenance  Ration,  No.  1, "  was  fixed  at  three- 
fifths  of  the  "  Previous  "  ration ;  but,  as  the  animals  gained  in 
weight,  the  ''  Maintenance  Ration,  No.  2,"  which  was  one-tentii 
less  than  No.  1,  was  subsequently  adopted.  Even  then  the 
horses  rather  gained  in  weight.  Finally,  as  it  was  considered 
that  the  standard  or  "  Previous  "  ration  was  too  high,  the  ration 
for  work,  as  given  in  the  bottom  line  of  the  table,  which  is  one- 
and-a-half  time  as  much  as  the  ^'  Maintenance  Ration,  No.  1," 
and  about  one-tenth  less  than  the  "Previous*'  ration,  was 
adopted.  It  is,  however,  said  that  under  the  new  regime  the 
horses  were  somewhat  underfed,  but  whether  the  reduced  ration 
is  still  maintained  we  are  not  aware.  It  will  be  observed  that 
the  proportion  of  the  highly  nitrogenous  leguminous  com  (beans), 
was  very  small  compared  with  that  of  the  gramineous  grains. 
Still,  it  vriill  be  seen  presently  that  the  proportion  was  very  con- 
siderably higher  than  in  the  case  of  the  omnibus  horses  of  Paris. 
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The  following  table  gives  the  average  daily  ration  of  the 
horses  of  the  General  OrimUms  Company  of  Paris  for  each  of 
the  six  years— 1879,  1880,  1884,  1885,  1886,  and  1887.  The 
average  number  of  horses  was  about  13,000,  and  their  average 
weight  was  from  1,200  to  1,240  lb.,  whilst,  so  far  as  the  evidence 
goes,  those  of  the  Petites  Voitv/res  Company  weighed  little  more 
than  two-thirds  as  much ;  and  certainly  the  former  are  much 
heavier  than,  as  a  rule,  are  the  omnibus  or  tramway  horses  of  our 
own  country.  The  figures  are  calculated  from  the  results  given 
in  the  annual  reports  of  M.  E.  Lavalard,^  the  general  secretary  of 
the  company,  the  quantities  being  converted  &om  kilograms 
into  their  equivalent  in  English  pounds : — 

Table  XIX. 


Year 

Beans 

Oats 

Maize 

Hay 

Straw 
lb. 

Bran 

Total 
food 

Total  dry 
sabstance 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

lb. 

1879 

1-36 

10U4 

6-86 

914 

10-46 

37-84 

32-17 

1880 

1-41 

8-84 

8-25 

7-80 

11-10 

— 

37-40 

31-83 

1884 

1-44 

8-67 

8-63 

8-44 

8-71 

0-91 

36-70 

31-29 

1885 

0-89 

6*21 

11-30 

8-50 

8-36 

0-84 

3610 

30*84 

1886 

010 

5-51 

12-96 

8-64 

7-32 

0-54 

3607 

3003 

1887 

001 

808 

10-77 

8-65 

8-21 

36-72 

30-62 

It  will  be  seen  that  the  actual  amount  of  dry  substance 
supplied  per  head  per  day  is  nearly  twice  as  much  as  in  the  case 
of  the  Petites  Voitv/res  horses ;  that  is,  much  more  in  proportion  to 
a  given.live-weight.  It  will  be  further  seen  that  the  proportion 
of  beans  to  cereal  grains  is  much  less  than  in  the  case  of  the 
Petites  Voitures  horses,  and  was  reduced  to  a  very  small  quantity 
in  the  later  years.  In  fact,  the  com  given  consisted  almost 
exclusively  of  oats  and  maize,  that  of  the  oats  being  reduced,  but 
that  of  the  maize  in  a  greater  degree  increased,  in  the  later  years, 
coincidently  with  the  reduction  in  the  amount  of  beans.  On  the 
occasion  of  a  visit  of  one  of  us  to  M.  Lavalard  in  1887,  it  was 
suggested  to  him  that  the  supply  of  the  highly  nitrogenous 
leguminous  seeds  might  be  mainly,  if  not  exclusively,  reserved 
for  old  or  overworked  horses  ;  and  he  subsequently  informed  us 
that  he  had  found  their  use  in  such  cases  advantageous. 

In  his  annual  report  for  1886,  published  in  1887,  M. 
Lavalard  gives,  on  the  authority  of  Dr.  Fleming,  Principal 
Veterinary  Surgeon  of  the  Army,  alist  of  the  average  daily  rations 
of  horses  of  tramway  companies  in  the  United  Elingdom,  which 
are  quoted  in  Table  XX.   (p.  98)  from  Dr.  Fleming's  book.^ 

*  Rapports  sur  les  opirations  du  service  de  la  Cavalerie  et  des  Fowragts, 
>  The  Praaticdl  Har$e-Keeper,  by  G.  Fleming,  LL.D.,  p.  88. 
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We  have  also  calculated  the  quantity  of  dry  substance  in  the 
total  food  according  to  the  supposed  average  composition  of  each. 
There  can  be  little  doubt  that  the  average  weight  of  tramway 
horses  in  the  United  Kingdom  is  much  less  than  that  of  the 
omnibus  horses  of  Paris,  and  it  will  be  seen  that  the  quantity  of 
total  food,  or  total  dry  matter  of  food,  given  per  head  per  day,  is 
also  considerably  less ;  though  it  is  much  greater  than  in  the  case 
of  the  smaller  Petiies  Voitures  horses  of  Paris. 

Table  XX. 


Company 


North  MetropoUtan 
London    . 
London  Street 
South  London 


Birmingham 
Liverpool 

Manchester 
Glasgow  . 
Bdinborgh 
Dablin     . 


Beans 

or 
peas 


Oats 


lb. 
2 
3 
1 
1 

4 
4 


Maise 


Hay 


lb. 
8 
3 
3 

7 

10 


15 
6 
8 
3 


lb. 

13 

7 

12 

7 

6 
12 


11 

4 

14 


lb. 
7 
12 
11 
11 


Straw 


lb. 
3 
I 


Bran 


Total 
food 


Total  dxy 
sobstanee 


lb. 


lb. 
28 
26 


3         — 


12 


14 
15 

14 
12 


1 

28 

— 

29 

82 

1  ' 

SI 

._^ 

80 

Oi 

27 

82 

oj 

1      ^H 

1 

lb. 
24-0» 
22-20 
2409 
24-76 

27-30 
26-58 

25-55 

28-24 

(25-56) 

25-41 


>  Also  2  lb.  of  "  Marshlam  "—(Mashlon— Mixed  com,?). 

The  details  show  that,  at  any  rate  at  that  date,  the  tramway 
horses  in  the  United  Kingdom  received  much  more  of  the  highly 
nitrogenoas  legnminons  corn,  beans  or  peas,  than  the  Paris 
horses ;  and,  according  to  the  figures,  this  was  especially  the  case 
in  Birmingham,  Liverpool,  and  Edinburgh.  Oats  and  maize 
nevertheless  contributed  most  of  the  com ;  the  maize  generally 
predominating,  whilst  at  the  present  time  it  will  doubtless  do 
so  in  a  greater  degree. 

Beviewing  the  whole  of  the  results  which  have  been  adduced 
illustrating  the  characteristic  food  requirements  for  the  exercise 
of  force,  it  may  in  the  first  place  be  observed  that  the  evidence 
is  cumulative  and  decisive  that,  with  normal  feeding,  and  with 
only  moderate  exercise,  there  is  practically  no  increased  demand 
for  the  nitrogenous  constituents  of  food ;  whilst  there  is,  on  the 
other  hand,  an  increased  demand  for  the  more  specially  respiratory 
constituents,  largely  in  proportion  to  the  amount  offeree  exercised. 
If,  however,  the  labour  is  abnormally  heavy,  that  is,  if  it  be  pushed 
to  the  point  of  dilapidation,  as  indicated  by  loss  of  weight,  there 
will,  in  that  case,  be  an  increased  elimination  of  nitrogen  in  the 
urine,  resulting  from  the  degradation  of  nitrogenous  substance, 


Ths  Feeding  of  Animals.  99 

and  accordingly  an  increased  demand  for  the  nitrogenous  con- 
stituents of  food. 

Lastly,  it  is  of  interest  to  observe,  that  where  the  subject 
has  been  the  most  carefully  investigated,  the  rations  adopted  for 
horses  include  scarcely  any  of  the  more  highly  nitrogenous 
foods,  such  as  leguminous  seeds ;  but,  in  addition  to  hay  and 
straw-chaff,  consist  almost  exclusively  of  the  comparatively  low- 
in-nitrogen  cereal  grains,  and  would,  therefore,  be  characterised 
by  contsonincr  a  comparatively  large  amount  of  diirestible  non- 
ritrogenons  ^nstitnrnts  in  /ropo^on  to  the  dig^ible  nitro- 
genous  substance  of  the  food.  It  has,  however,  been  found 
that  in  the  case  of  old  or  overworked  animals,  it  is  advantageous 
to  supply  a  somewhat  larger  amount  of  the  highly  nitrogenous 
leguminous  seeds.  In  fact,  as  we  put  it  in  1852 — "  a  somewhat 
concentrated  supply  of  nitrogen  does,  however,  in  some  cases, 
seem  to  be  required  when  the  system  is  overtaxed ;  as  for 
instance,  when  day  by  day,  more  labour  is  demanded  of  the  animal 
body  than  it  is  competent  without  deterioration  to  keep  up." 

Summary  on  the  Feeding  of  Animals. 

In  introducing  the  subject  of  the  feeding  of  the  animals  of 
the  farm,  attention  was  first  called  to  the  amount  of  the  con- 
stituents of  the  crops  grown  in  an  ordinary  four-course  rotation, 
which  would,  if  the  grain  only  were  at  once  sold,  be  retained 
upon  the  farm  for  further  use — in  fact,  for  the  production  of 
meat,  milk,  and  manure,  and  for  the  exercise  of  force.  There 
will,  as  a  rule,  be  a  greater  or  less  amount  of  grass  in  admixture 
with  the  arable  land  of  the  farm ;  and,  according  to  its  amount 
and  other  circumstances,  there  will,  of  course,  be  more  or  less 
stock-food  available  in  addition  to  that  produced  on  the  arable 
land.  So  far  as  manure  is  concerned,  in  some  cases  the  grass- 
land, and  in  others  the  arable,  will  be  the  gainer  by  the  admix- 
ture of  the  two,  accordingly  as  the  one  or  the  other  receives 
back  more  or  less  than  the  amount  derived  from  the  consumption 
of  its  own  produce.  Then,  again,  the  influence  of  the  growing 
modem  practice  of  selling  more  than  the  grain,  and  of  import- 
ing cattle  food  and  manure  from  external  sources,  has  to  be 
taken  into  account.  Nevertheless,  the  illustration  derived  from 
a  consideration  of  the  proportion  of  the  constituents  of  the  crops 
grown  under  a  particular  system  of  rotation,  which  wiU  probably  be 
available  for  feeding  purposes,  is  not  without  interest  and  utility. 

The  facts  and  arguments  which  have  been  adduced  may  be 
very  briefly  summarised  as  follows.  It  has  been  shown,  that  the 
amount  of  food  consumed,  both  for  a  given  live-weight  of 
animal  within  a  given  time,  and  for  the  production  of  a  given 
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amount  of  increaae,  is,  as  our  current  food-stuffs  go,  measmJ 
more  by  the  amounts  they  contain  of  digestible  and  avar^ 
non-nitrogenous   constituents,   than  by  the   amounts    of 
digestible  and  available  nitrogenous  constituents  they  supplj 

That  this  should  be  the  case,  so  far  as  the  consumption 
given  Uve-weight  within  a  given  time  is  concerned,  seems 
sistent  enough  when  the  prominence  of  the  respiratory  fdni 
in  the  maintenance  of  the  body,  and  the  large  requirement 
non-nitrogenous  constituents  of  food  to  meet  the  expenditure 
respiration,  are  borne  in  mind.     But,  at  first  sight,  it  seems 
intelligible  that  the  quantities  consumed  to  produce  a  gi} 
amount  of  increase  in  live-weight,  should  also  be  much   zn< 
dependent  on  the  supplies  of  the  non-nitrogenous,  than  on  th< 
of  the  nitrogenous  constituents  of  food. 

It  has  been  shown,  however,  that  store  animals  'may  coni 
as  much,or  even  more,of  the  nonlnitrogenons  subetance-fat, 
of  nitrogenous  substance ;  whilst  the  bodies  of  fattened  anii 
may  contain  two,  three,  four,  or  more  times  as  much  dry  fat 
dry  nitrogenous  matter.     Obviously,  therefore,  the  proportion  of  1 
fat  to  nitrogenous  substance  in  the  increase  in  live- weight  of  the 
fattening  animal,  must  be  much  higher  than  in  the  entire  bodies  | 
of  the  animals. 

Then,  it  has  been  further  shown,  that  the  non-nitrogenous  sub- 
stance of  the  increase — ^the  fat,  is  at  any  rate  in  great  part,  if  not 
entirely,  derived  from  the  non-nitrogenous  constituents  of  the  food. 

Of  the  nitrogenous  compounds  of  food,  on  the  other  hand, 
only  a  small  proportion  of  the  whole  consumed  is  finally  stored 
up  in  the  increase  of  the  animal.  In  other  words,  a  very  large 
amount  of  nitrogen  passes  through  the  body  beyond  that  which 
is  finally  retained  in  the  increase,  and  so  remains  for  manure. 

It  is,  therefore,  only  what  should  be  expected,  that  the  amount 
of  food  consumed  to  produce  a  given  amount  of  increase  in 
live-weight,  as  well  as  that  required  for  the  sustenance  of  a  given 
live-weight  for  a  given  time,  should,  provided  the  food  be  not 
abnormally  deficient  in  nitrogenous  substance,  be  characteristi- 
cally dependent  on  its  supplies  of  digestible  and  available  non- 
nitrogenous  constituents. 

Again,  it  has  been  shown  that,  in  the  exercise  of  force,  there 
is  a  greatly  increased  expenditure  of  the  non-nitrogenous  con- 
stituents of  food,  but  little,  if  any,  of  the  nitrogenous. 

Thus,  then,  for  maintenance,  for  increase,  and  for  the  exercise 
of  force,  the  exigencies  of  the  system  are  characterised  more  by 
the  demand  for  ^e  digestible  non-nitrogenous  or  more  specially 
respiratory  and  fat-forming  constituents,  than  by  that  for  the 
nitrogenous  or  more  specially  flesh-forming  ones. 
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In  our  paper — On  the  Composition  of  Oxen^  Shsepy  and  Pigs^ 
and  of  their  Increase  whilst  Fattening — published  in  this  Journal 
in  1860,  we  concluded  that — ^if  fattening  oxen  were  liberally  fed 
upon  good  food,  composed  of  a  moderate  proportion  of  cake  or 
com,  some  hay  or  straw  chaff,  with  rooto  or  other  succulent 
food ;  if  sheep  were  fattened  under  somewhat  similar  conditions, 
but  with  a  less  proportion  of  hay  or  straw ;  and  if  pigs  were 
liberally  fed  chiefly  on  cereal  grain — ^the  increase  would,  with  as 
much  as  5  or  6  parts  of  total  non-nitrogenous  to  1  of  nitrogenous 
compounds  in  the  dry  substance  of  such  fattening  food,  probably 
be  very  fat.  Further,  that  in  the  earlier  stages  of  growth  and 
feeding,  a  lower  proportion  of  total  non-nitrogenous  constituents, 
that  is,  a  higher  proportion  of  the  nitrogenous  compounds,  is 
desirable ;  indeed,  that  it  is  frequently  the  most  profitable, 
having  regard  both  to  the  rapidity  of  fattening,  and  to  the  value  of 
the  manure,  for  the  farmer  to  employ,  even  up  to  the  end  of  the 
feeding  process,  a  somewhat  higher  proportion  of  nitrogenous 
constituents  in  his  stock-foods,  than  is  necessary  to  yield  the 
maximum  proportionof  increase  in  live-weightforagivenamountof 
dry  substance  of  food  consumed.  But  that,  when  the  mixed  fatten- 
ing food  contains  less  than  about  5  parts  of  non-nitrogenous  to  1  of 
nitrogenous  compounds,  the  proportion  of  increase  in  live-weight 
for  a  given  amount  of  dry  substance  of  the  food,  will  not  increase 
with theincreased proportion  of  nitrogenouscompottndsconsumed; 
whilst,  so  far  as  these  are  in  excess,  the  proportion  of  carcass  in 
the  live-weight  will  probably  be  somewhat  less,  and  the  carcasses 
themselves  will  be  somewhat  more  bony  and  fleshy,  and  less  fat. 

We  at  the  same  time  pointed  out,  however,  that  the  compara- 
tive values  of  food-stuffs,  even  as  such,  could  not  be  unconditionally 
determined  by  the  percentage  of  the  total  nitrogenous  and  the 
total  non-nitrogenous  constituents ;  that  it  was  necessary — ^to 
examine  more  closely  into  the  nature  and  condition  of  the  proxi- 
mate compounds  of  food-stuffs  ;  to  distinguish  those  which  are 
digestible  and  assimilable  from  those  which  are  not  so ;  to  deter- 
mine the  relative  values  of  the  comparable  or  mutually  replace- 
able portions ;  and,  finally,  to  fix  our  standards  of  comparative 
value  with  more  of  reference  to  direct  experimental  evidence  on 
the  point,  and  to  existing  knowledge  of  the  composition  of  the 
animal  bodies,  than  had  hitherto  been  usual  or  even  possible. 

Since  then,  an  immense  amount  of  labour  has  been  expended 
in  the  determination  of  the  digestibility  of  the  individual  consti- 
tuents of  various  food-stuffs ;  and  the  results  so  far  obtained 
form  a  valuable  contribution  to  our  information  on  the  subject. 
There  is,  however,  wide  variation  in  the  composition  of  different 
samples  of  nominally  the  same  description  of  food.     Then,  the 
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determinationB  of  the  amonnts  of  the  various  oonstitnents 
maimng  undigested  have  generally  been  made  with  animals  fed 
on  limited  supplies  of  food,  for  maintenance  only;  and  the 
experiments  hiftve  frequently  been  made  with  the  individual 
foods  given  separately.  Great  care  and  reservation  are,  there* 
fore,  necessary  in  the  application  of  the  results  to  actual 
practice.  Thus,  in  the  liberal  feeding  of  animals  for  the  pro- 
duction of  increase,  it  is  generally  economical  to  give,  within 
limits,  an  excess  of  food,  if  a  maximum  result  is  to  be  obtained 
for  a  given  Uve-weight  of  animal  within  a  given  time ;  and,  in 
the  case  of  animals  liberally  fed  for  the  exercise  of  force,  there 
will  also  generally  be  an  excess  of  food  given.  It  is  obvious  that, 
under  the  conditions  of  actual  practice  here  assumed,  greater 
proportions  of  the  various  constituents  consumed  vrill  remain 
undigested  than  would  be  indicated  by  the  figures  representing 
indigestibility  obtained  under  the  usual  conditions  of  experi- 
menting on  the  point  above  referred  to.  Then  there  is  the  im- 
portant consideration,  that  conclusive  evidence  is  still  wanting 
as  to  the  exact  rdle  in  the  system  of  some  prominent  constituents 
of  food-stuffs.  For  example,  there  is  yet  much  uncertainty  in 
regard  to  the  position  of  the  various  amides,  which  enter  so 
largely  into  the  composition  of  feeding  roots  and  hays — ^in  fact  of 
all  succulent  and  unripened  products.  Indeed,  in  the  calculation 
of  ^'  nutritive  ratios,"  the  amides  have  sometimes  been  classed  with 
the  albuminoids,  and  sometimes  in  large  proportion  with  the  non- 
nitrogenous  constituents.  We  have,  from  time  to  time,  had  ihe 
results  of  our  numerous  feeding  experiments,  with  both  sheep  and 
pigs,  calculated  according  to  the  published  tables  of  digestibility. 
But  the  so-calculated  "ratios"  varied  so  considerably  for  different 
rations  within  the  range  of  good  practice,  that  it  would  be  mis* 
leading  to  attempt  to  give  anything  like  a  summary  of  the  results, 
and  general  conclusions  therefrom,  without  frill  discussion. 

In  conclusion,  as  our  current  fattening  food-stuflb  go,  assum- 
ing, of  course,  that  they  are  not  abnormally  low  in  the  nitrogen- 
ous constituents,  they  are,  as  foods,  more  valuable  in  proportion 
to  their  richness  in  digestible  and  available  non-nitrogenous  than 
to  that  of  their  nitrogenous  constituents.  As,  however,  the 
manure  of  the  animalsof  the  farm  is  valuable  largely  in  proportion 
to  the  nitrogen  it  contains,  there  is,  so  far,  an  advantage  in  giving 
a  food  somewhat  rich  in  nitrogen,  provided  it  is  in  other  respects 
a  good  one,  and,  weight  for  weight,  not  much  more  costly. 

John  Bennet  Lawes. 
Joseph  Henry  Gilbert. 

Bothamsted,  St.  Albans. 
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